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T  O 


PETER  DA  FALL,  E% 

Secretary  to  the  Royal  Society. 


SIR, 

TT  T  is  no  new  thing  for  a  lover  of  Science  to 
j|  addrefs  his  productions  to  a  friend  eminently 
diftinguifhed  for  his  general  knowledge,  as 
well  as  particular  ikill  in  the  parts  whereon  the 
Author  writes  :  On  this  account  I  heartily  wifh, 
that  inftead  of  the  fubjects  contained  in  the  fol¬ 
lowing  fheets,  I  had  a  work  of  a  more  elevated 
kind  wherewith  to  do  greater  honour  to  the  name 
of  my  friend  ;  however,  fuch  as  they  are,  I  hope 
they  will,  with  your  ufual  franknefs  and  good¬ 
nature,  be  accepted.  Indeed  I  muft  obferve, 
that  the  late  Prefident  of  the  Royal  Society,  Mar- 
tin  Folkes,  Efq;  honoured  the  firft  Edition 
of  this  book  with  his  Patronage  ;  and  alfo,  our 
much-efteemed  and  learned  friend  James  Bur¬ 
row,  Efq;  Vice-preftdent  of  the  Royal  Society, 
thought  the  book  fo  worthy  his  perufal,  as  to  re¬ 
mark  all  the  typographical  and  other  errors,  and 
to  make  fome  ufeful  obfervations,  a  lift  whereof 
he  favoured  me  with,  and  for  which  I  truft  you 
will  permit  me  to  take  this  opportunity  of  pub- 
lickly  thanking  him  :  Although  I  am  confcious, 

that 


DEDICATION. 

that  you  have  the  higheft  regard  for  the  two  re- 
ipedtable  names,  which  I  here  mention  out  of 
gratitude  $  yet  I  would  not  be  underflood  that 
you  are  to  accept  hereof  in  this  public  manner, 
merely  becaufe  thofe  considerable  perfonages  have 
already  favoured  the  Work  ;  I  offer  this  as  a  tri¬ 
bute  for  your  acquaintance  and  friendship,  and 
flatter  myfelf  that  you  will  find  in  this  impreffion 
fome  things,  which  if  they  have  not  difficulty  to 
recommend  them,  have  at  leafl,  I  apprehend,  fo 
much  utility  accompanying  them,  as  to  render 
the  whole  in  fome  degree  interesting,  and  per¬ 
haps  not  unworthy  the  notice  of  the  mofl  fkilful 
in  the  Mathematical  Sciences.  I  am, 


SIR, 

Your  mofl  obedient 
Humble  Servant, 


J.  ROBERTSON. 


o^oj(jbo^c^c^c®3ci!£a^^ 
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T  is  needlefs  to  enumerate  the  many  pur- 
)§(  pofes,  to  which  mathematical  inftruments 
ferve  ;  their  ufe  Teems  quite  neceftary  to  per- 
fons  employed  in  mod  of  the  adtive  ftations 
in  life. 

The  Architect)  whether  civil,  military ,  or  naval , 
never  offers  to  efFedt  any  undertaking,  before  he  has 
firft  made  ufe  of  his  r^and  compajfes  ♦,  and  fixed  upon 
a  fcheme  or  drawing,  which  unavoidably  requires 
thofe  inftruments ,  and  others  equally  neceftary. 

The  Engineer ,  cannot  well  attempt  to  put  in  execu¬ 
tion  any  defign,  whether  for  defence ,  offence ,  ornament , 
pleafure ,  &c.  without  firft  laying  before  his  view,  the 
plan  of  the  whole  ;  which  is  not  to  be  conveniently 
performed,  but  by  rulers ,  compajfes ,  &c. 

There  are  indeed,  very  few,  if  any  good  Artificers , 
who  have  not  in  fome  meafure,  occafion  for  the  ufe 
of  one  or  more  mathematical  inftruments  *,  and  when¬ 
ever  there  is  required,  an  accurate  drawing  of  a  thing 
to  be  executed,  or  reprefen  ted  •,  that  collection  of  in¬ 
ftruments,  ufually  put  in  pcrtahle  cafes ,  is  then  abfo- 
lutely  neceftary :  And  of  thefe,  the  moft  common  ones, 
or  others  applicable  to  like  fervice,  muft  have  been 
in  ufe,  ever  fince  mankind  have  had  occafion  to  pro¬ 
vide  for  the  neceftary  conveniencies  of  life  :  But  the 
parallel  ruler ,  the  proportional  compajfes ,  and  the  fie  Her , 
are  not  of  any  great  antiquity. 

However,  by  means  of  the  opportunity,  which  the 
author  had  of  conful ting  moft,  if  not  all  the  principal 
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pieces,  that  have  been  wrote  on  this  fubjedt  f  ;  he 
thinks  it  will  fufficiently  appear  from  what  follows, 
who  were  the  inventors  of  thefe  latter  inftruments  ; 
and  when  they  were  firft  known  and  made  ufe  of. 

I.  Gafpar  Mordente ,  in  his  book  on  the  compares , 
printed  in  folio  at  Antwerp,  1584  ;  gives  the  conftruc- 
tion  and  ufe  of  an  inflrument,  invented  by  his  brother 
Fabricius  Mordente ,  in  1554;  and  by  him  prefented 
to  the  emperor  Maximilian  II.  in  1572  :  Fabricius  pre¬ 
fented  it  afterwards,  with  fome  improvements,  to  Ro- 
dolphus  II.  the  fon  of  Maximilian:  In  1578,  Gafpar 
ftudied  to  apply  the  inflrument  to  various  ufes  by  the 
command  of  the  then  governor  of  the  Netherlands . 
The  inftrument  confifls  of  two  flat  legs,  moveable 
round  a  joint  like  a  common  pair  of  compafles  ;  but 
the  ends  or  points  are  turned  down  at  right  angles  to 
the  legs,  fo  as  to  meet  in  one  point  when  the  legs  are 
clofed.  In  each  leg  there  is  a  groove,  with  a  Aider 
fitted  to  it,  carrying  a  perpendicular  point ;  fo  that 
thefe  alfo  appear  like  one  point  when  the  legs  are 
clofed,  and  the  Aiders  are  oppofite.  This  compafs  is 
jointly  ufed  with  a  rod,  containing  a  fcale  of  equal  parts ; 
whereof  30  are  equal  to  the  length  of  each  leg.  As 
the  operations  with  this  compals,  depend  on  the  pro¬ 
perties  of  fimilar  triangles,  therefore  its  principles  are 
the  fame  with  thole  of  the  fedf  or  :  And  moft,  or  all 
the  problems  that  are  performed  by  the  line  of  lines 
only,  can  with  almoft  the  fame  eafe,  be  performed  by 
thefe;  the  tranfltion  from  this  inftrument  to  the  fedtor 
is  very  natural  and  eafy. 

The  ufe  of  this  inftrument,  is  exemplified  in  pro* 
blems  concerning  lines,  fuperficies,  folids,  and  mea- 
furingof  inacceflible  diftances. 

Theauthor,  p.  22,  fays,  he  invented  an  inftrument 
there  deferibed  ;  which  is  our  parallel  ruler  with  pa¬ 
rallel  bars  :  The  parallel  ruler  with  crofs  bars,  is  a 
more  modern  contrivance. 

|  In  the  collection  of  the  late  William  Jones ,  Efq; 
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II.  Daniel  Speckle,  in  the  year  1 589,  publifhed  in 
folio,  his  military  architecture,  at  Strajhurg  ;  where  he 
was  architect.  In  his  fecond  chapter,  he  takes  no¬ 
tice  of  compafles  then  in  ufe  of  a  curious  invention, 
whofe  center  could  be  moved  forwards  or  backwards, 
fo  that  by  the  figures  and  divifions  mark’d  thereon, 
a  right  line  could  be  readily  and  corredly  divided  into 
any  number  of  equal  parts,  not  exceeding  20.  This 
inftrument  has  been  fince  called  the  proportional  com- 
paffes. 

In  the  fame  chapter  he  mentions  another  compafies, 
with  an  immoveable  center,  and  broad  legs,  whereon 
were  drawn  lines  proceeding  from  the  center,  and 
divided  into  equal  parts  ;  whereby  a  right  line  could 
be  divided  into  equal  parts  not  exceeding  20  ;  becaule 
the  divifions  on  the  lines  ftiil  kept  the  fame  propor¬ 
tion,  to  whatever  diftance  the  legs  were  opened. 
This  inftrument  was  afterwards  call’d  the  feClor. 

III.  Dr.  Thomas  Hood ,  printed  at  London ,  Anno 
1598,  a  quarto  book,  intituled,  The  making  and  ufe 
of  a  Geometrical  Inftrument  called  a  Sector.  This  in¬ 
ftrument  confifts  of  two  fiat  legs,  moveable  about  a 
joint  ;  on  thefe  are  fe&oral  lines,  of  equal  parts,  of 
polygons,  and  of  fuperficies  ;  that  is,  lines  fo  dif- 
pofed,  as  to  make  all  the  dperations  that  depend  on 
fimilar  triangles  quite  eafy,  and  that  without  the  lay¬ 
ing  down  of  any  figure.  To  the  legs  is  fitted  a  cir¬ 
cular  arc,  an  index  moveable  on  a  joint,  and  fights, 
whereby  it  is  made  fit  to  take  angles. 

IV.  Chriftcpher  Clavius ,  in  his  practical  geometry , 
printed  in  quarto  at  Rome ,  Anno  1604,  in  page  4, 
fhews  the  conftrudtion  and  ufe  of  an  inftrument, 
which  he  calls  the  inftrument  of  parts ;  it  confifts  of 
two  flat  rulers  moveable  on  a  joint ;  on  one  fide  of 
thefe  legs,  are  the  fe&oral  lines  of  equal  parts;  on 
the  other  fide,  are  thole  of  the  chords  :  After  fhewing 
fome  of  their  ufes,  he  concludes  with  faying, -he  is 
fenfible  of  many  others  to  which  it  may  be  applied, 
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but  leaves  them  for  the  exercife  of  the  reader  to  dif- 
cover. 

Y.  hevinus  Huljius ,  in  his  book  of  mechanical  in - 
ftruments ,  prin  ed  in  quarto  at  Frankfort ,  Aw  1605*, 
gives,  in  the  third  part,  the  defeription  and  ufe  of  an 
inftrument,  which  Juftus  Burgius  call’d  the  'proportional 
Compafs.  Huljius  fays,  the  ufe  of  it  had  not  been 
published  before,  although  the  inftrument  had  been 
long  known. 

VI.  Anno  1605,  Philip  Horfcher ,  M.  D.  pub- 
lifhed  at  Mentz ,  a  quarto  book,  containing  the  ufe 
and  conftrudtion  of  the  proportional  compares.  This 
author  does  not  pretend  to  be  the  inventor  ;  but  that 
feeing  fuch  an  inftrument,  he  thought  he  could, 
from  Euclid ,  fhew  its  conftrudlion  and  the  grounds 
of  its  operations. 

VII.  Anno  1606,  GaliUus  publifhed  in  Italian ,  a 
treatife  of  the  ufe  of  an  inftrument  which  he  calls, 
Fhe  geometrical  and  military  compafs.  On  this  inftru¬ 
ment  are  deferibed  fedforal  lines  of  equal  parts,  fur- 
faces,  folids,  metals,  inferibed  polygons,  polygons  of 
given  areas,  and  fegments  of  circles.  In  the  preface 
to  an  edition  of  this  book,  printed  at  Padua ,  Anno 
1640,  by  Paola  Frambotti ,  Galilteus  fays,  that  on 
account  of  the  opportunity  he  had  of  teaching  ma¬ 
thematics  at  Padua ,  he  thought  it  proper  to  feek  out 
a  method  of  fhortening  thole  ftudies.  In  another 
part  of  the  preface  he  fays,  that  he  fhould  not  have 
publifhed  this  tradt,  but  in  vindication  of  his  own  re¬ 
putation  ;  for  he  was  informed  that  a  perfon  had  by 
fome  means  or  other,  got  one  of  his  inftruments, 
and  pretended  to  be  the  inventor,  although  himfelf 
had  taught  it  ever  ftnee  the  year  1597. 

VIII.  Anno  1607,  Baldejfar  Capra ,  publifhed  a 
treatife  of  the  conftrudion  and  ufe  of  the  compajs  of 
proportion ,  (or  fedlor.)  He  claims  the  invention  of 
this  inftrument ;  and  hence  arofe  a  difpute  between 
Galiltfus  and  Capra  \  fome  particulars  of  which  have 

been 
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been  mentioned  by  feveral,  and  particularly  by.  Thomas 
Salujhury ,  Efq;  in  his  life  of  GaliUus^  publifhed  at 
the  end  of  the  fecond  volume  of  his  mathematical  col¬ 
lections  and  tranjlations ,  at  London ,  in  fol.  Anno  1664. 

It  appears  from  thefe  accounts  that  one  Simon  Ma¬ 
rius  a  German  who  was  in  Padua  about  the  year  1607, 
tranflated  into  latin,  the  book  publifhed  the  year  be¬ 
fore  by  Galilaus ,  and  caufed  his  difciple  Capra  to  print 
it  as  his  own:  Marius  dreading  a  profecution,  retired, 
and  left  Capra  in  the  lurch,  who  was  proceeded  a- 
gainft.  At  that  time  GaliUus  publifhed  an  apology, 
intitled,  “  The  defence  of  Galilxus  Galilaei,  a  Flo¬ 
rentine  gentleman ,  reader  in  the  univerfity  of  Padoua, 
againft  the  calumnies  and  impoftures  of  Baldeffar  Capra 
a  Milanefe,  divulged  againft  him  as  well  in  his  confide - 
ratione  aftronomica  upon  the  new  ftar  of  1 604,  as  ( and 
more  notorioufly)  in  lately  publifhing  for  his  invention  the 
conftrudion  and  ufes  of  the  geometrical  and  military  com - 
pafs ,  under  the  title  of  Ufus  &  Fabrica  circini  cu- 
jufdam  proportions ,  Galilaus  begins  with  an 

addrefs  to  the  reader,  wherein  he  concludes,  that  a  per- 
fon  robbed  of  his  inventions,  fuffers  the  greateft  lofs 
that  can  be  fuftained,  becaufe  it  defpoileth  him  of 
honour ,  fame  and  deferved  glory:”  Fie  proceeds,  and 
fays,  “  into  this  ultimate  of  miferies  and  unhappinefs  of 
condition ,  Baldeffar  Capra,  a  Milanefe,  with  unheard 
of  fraud ,  and  unparalleled  impudence  hath  endeavoured  to 
reduce  me,  by  lately  publifhing ,  and  committing  to  the 
prefs  my  geometrical  and  military  compafs ,  as  his  proper 
invention ,  and  as  a  production  of  his  own  wit ,  ( for  fo 
he  calls  it  in  the  work  itfelf)  when  it  was  1  alone ,  that 
ten  years  fince  (viz.  Anno  1597)  thought  oft  found  and 
compleated  the  fame ,  fo  as  that  no  one  elfe  hath  any  jhare 
in  it  \  and  I  alone  from  that  time  forward  imparted ,  dif- 
covered  and  prefented  it  unto  many  great  princes ,  and  other 
noble  lords  *,  and  in  fine ,  only  that  I  a  year  fince  caufed 
the  operations  thereof  to  be  printed ,  and  confecrated  to  the 
glorious  name  of  the  moft  fir ene  prince  of  Tufcany,  my 
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lord.  Of  which  f  aid  inftrument  the  above-named  Capra, 
hath  not  only  made  himfelf  the  author ,  but  reports  me 
for  its  foam ekfs  ufurper ,  ( thefe  are  his  very  words)  and 
confeqiiently  bound  to  blujh  within  my  felf  with  extream 
confufion ,  as  unworthy  to  appear  in  fight  of  learned  and 
ingenuous  men.”  Galilaus  then  proceeds,  among  other 
things,  to  produce  the  aiteftations  of  four  confider- 
able  perfons,  fhewing  that  ten  years  before  that  time, 
he  had  taught  the  ufe  of  the  inftrument,  and  that 
Capra  who  had  for  four  years  paft  feen  them  making 
at  the  workman’s  houfe,  had  never  challenged  the 
invention,  as  his  own. 

Galilee  us  after  this,  fays  that  he  went  to  Venice ,  and 
laid  the  affair  before  the  lords  reformers  of  the  uni- 
verfity  of  Padoua ,  on  the  8th  of  April  1607,  at  the 
fame  time  fhewing  them  his  own  book,  publifhed 
June  the  10th  1606;  and  that  of  Capra' s,  publifhed 
March  the  7th  1607.  The  lords  thereupon  cited 
Capra  to  appear  before  them  on  the  1 8  th  of  April ; 
the  next  day  the  caufe  was  heard  and  the  parties  dif- 
miffed  :  But  on  the  4th  of  May  following,  their  Jord- 
fhips  pronounced  fentence,  and  fent  it  to  Padoua  to 
be  put  in  execution  •,  the  amount  of  their  fentence 
was,  that  having  fully  confidered  the  affair,  it  ap¬ 
peared  to  them  that  GaliUus  had  been  abufed,  and 
that  all  the  remaining  copies  of  Capra's  book  fhould 
be  4  4  brought  before  their  lordfoips  to  be  juppreffed  in 
fuch  fafhion  as  they  fhall  think  ft,  refervi  g  to  themfdves 
to  proceed  again  ft  the  printer  and  bock  feller,  hr  the 
tranf greffions  they  may  have  committed  againft  the  laws 
of  printing  ;  ordering  the  fame  to  be  made  known  ac¬ 
cording  h. 

o  •• 

P he  fame  day  all  the  copies  of  the  faid  book  were  fent 
to  Venice  unto  the  lords  reformers  *,  there  being  found 
440  with  the  bcohjeller ,  and  13  with  the  author ,  he 
having  diftributed  30  oj  them  into  fundry  parts  cf  Eu - 
npe ,  &x.” 


IX.  Anno 


IX.  Anno  1610,  John  Remmelin,  M.  D.  publifhed 
at  Frankfort ,  a  quarto  edition  of  two  tracts  of  John 
Faulhaber  *,  one  of  thefe  contains  the  ufe  of  the  fettor, 
on  which  are  lines  of  equal  parts,  fuperficies,  folids, 
metals,  chords,  &c.  He  fays,  that  G.  Brendel,  a 
painter,  ufed  this  inftrument  in  perfpedtive  painting. 

X.  D .  Henrion ,  in  his  mathematical  memoirs ,  Anno 
1612,  gave  a  fhort  trad:  of  the  ufe  of  the  compafs  of 
proportion  (or  feblor .)  In  1616  he  printed  a  book  of 
the  ufe  of  the  fedtor  ;  and  a  fifth  edition,  in  the  year 
1637,  the  preface  to  which,  feems  to  be  wrote  in 
the  year  1626,  wherein  he  fays,  that  about  the  year 
1608,  he  had  feen  in  the  hands  of  M.  A.lleaume ,  en¬ 
gineer  to  the  king  of  France ,  one  of  thefe  fedtors ; 
whereupon  he  wrote  fome  ufes  of  it,  which  he  pub¬ 
lifhed  in  his  memoirs,  as  above.  He  alfo  declares, 
that  before  his  firft  publication,  he  had  not  feen  any 
book  on  the  ufe  of  a  fedtor,  and  therefore  calls  what 
he  publifhes  his  own.  He  charges  Mr.  Gunter  with 
having  ufed  many  of  his  propofitions.  This  author 
printed  at  Paris  1626,  an  odtavo  book  of  logarithms, 
at  the  end  of  which  is  a  tradt  call’d  logocanon,  or  the 
proportional  ruler  j  which  is  a  defcription  and  ufe  of 
an  inftrument,  he  calls  a  lattice,  (perhaps  from  the 
chequer-work  made  by  lines  drawn  thereon)  which 
operates  the  problems  performed  by  th t  french  fedtors 
very  accurately. 

XI.  Anno  1615,  Stephen  Mi  chaeUSp  ackers ,  pub¬ 
lifhed  in  quarto  at  Ulm,  a  treatife  of  the  proportional 
rule  and  compafs  of  G.  Galgemeyer ,  revifed  by  G . 
Brendel ,  a  painter  at  Laugingen.  On  thefe  ‘propor¬ 
tional  compaftes,  are  lines  of  equal  parts,  of  poly¬ 
gons,  fuperficies,  folids,  ratio  of  the  diameter  to  the 
circumference*,  reduction  of  planes,  and  redudtion  of 
folids.  The  ufe  and  conftrudtion  of  thefe  lines,  are 
(hewn  by  a  great  variety  of  examples. 

XII.  Benjamin  Bramer ,  in  his  book  of  the  defcrip - 
tion  of  the  pr  optimal  ruler  and  parallelogram,  printed 


'in  quarto  at  Marpurg ,  Anno  1617;  fays,  his  ruler 
is  applicable  to  the  fame  ufes  as  Juftus  Bur  gins' s  in- 
ilrument.  Bramer' s  inftrument  confifts  of  a  ruler, 
on  which  are  lines  of  equal  parts,  of  fuperficies,  of 
folids,  of  regular  folids,  of  circles,  of  chords,  and 
of  equal  polygons ;  at  the  beginning  of  each  fcale, 
is  a  pin-hole,  whereby  he  can  apply  the  edge  of  ano¬ 
ther  ruler,  and  fo  conftitute  a  fedlor  for  each  fcale. 

XIII.  Anno  1623,  Adriano  Metio  Aicmariano ,  prin¬ 
ted  at  Amfterdam  a  quarto  book,  fhewing  the  ufe  of 
an  inftrument  called  the  rule  of  proportion .  In  his 
dedication,  he  fays,  that  whilfl  he  was  reviewing 
fome  things  relating  to  pradtical  geometry,  he  met 
with  Galileo's  book  of  the  ufe  of  the  fedlor,  which 
gave  him  opportunity  to  improve  on  it,  and  occa- 
fioned  the  publifhing  of  this  book. 

XIV.  Mr.  Edmund  Gunter ,  profeffor  of  aftronomy 
in  Grejham  college,  printed  at  London ,  Anno  1624,  a 
quarto  book,  called  the  defcription  and  ufe  of  the  fee¬ 
ler  \  on  which  are  fedloral  lines,  1  ft.  of  equal  parts 
2d.  fuperficies  ;  3d.  folids ;  4th.  fines  and  chords ; 
5th.  tangents  *,  6th.  rhumbs  ;  7th.  fecants :  Alfo  la¬ 
teral  lines  of,  8th.  quadratures ;  9th.  fegments  *, 
10th.  inferibed  bodies*,  nth.  equated  bodies  *,  12th. 
metals  :  On  the  edges  are  a  line  of  inches  and  a  line 
of  tangents. 

Mr.  Gunter  does  not  fay  any  thing  concerning  the 
invention,  and  has  no  preface*,  but  at  the  end  ot  the 
tradl,  in  a  conclufion  to  the  reader,  he  fays,  that  the 
fedlor  was  thus  contrived,  moft  part  of  the  book 
written,  and  many  copies  difperfed,  more  than  fix- 
teen  years  before,  &c.  this  article  being  written  May 
1,  1623,  brings  the  time  he  fpeaks  of  to  about  the 
year  1607,  which  was  before  the  time  Hcnrion  fays 
he  nrft  faw  the  fedlor. 

The  feales  of  logarithm  numbers,  fines,  and  tan¬ 
gents,  were  firft  pubiifhed  in  1624,  in  Gunter's  de- 
Icription  of  the  crofs  ftaff. 

l  i 

X  V .  Mutio  Oddi  of  Urbino  printed  at  Milan ,  An. 

2  1633, 
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1 633,  a  quarto  book,  called  the  conftru Elion  and  ufe  of 
the  compajjo  polimetro ,  (or  fedtor.)  The  lines  on  this  in- 
ltrument,  were  fuch  as  were  common  at  that  time:  He 
fays  in  the  dedication  to  his  friend  Peter  Linder  of  Nu¬ 
remberg,  he  firil  taught  the  ufe  of  it 

In  the  preface  he  fays,  that  about  the  year  1568, 
Commandine ,  who  then  taught  at  Urhino ,  did  con¬ 
trive  a  pair  of  compares  with  a  moveable  centre, 
to  divide  right  lines  into  equal  parts  ;  which  was  done 
at  the  requeft  of  a  gentleman  named  Bartholomew 
Ev.ftachiOy  who  wifhed  to  avoid  the  trouble  of  the 
common  methods,  or  of  being  obliged  to  have  many 
compares  for  fuch  divifions  of  right  lines. 

He  farther  fays,  that  about  that  time,  Guidihaldoy 
marquefs  of  Montey  who  lived  at  Urbino  for  the  fake 
of  Commandine’ s  company,  being  frequently  at  the 
houfe  of  Simone  Boraccioy  who  made  Commandine’ s 
proportional  compares,  did  contrive,  and  caufe  to  be 
made,  an  inftrument  with  flat  legs,  (like  the  fedtor) 
which  performed  the  operations  of  the  compafs  more 
eafily.  Oddi  fays  alfo,  that  great  numbers  were  made, 
and  in  few  years,  had  many  ufeful  and  curious  addi¬ 
tions,  with  treatifes  written  on  its  ufe  in  diverfe  lan¬ 
guages,  and  called  by  dilferent  names,  which  oc- 
cafioned  the  doubt  oi  who  was  the  true  author,  every 
one  having  found  means  to  fupport  his  caufe :  But 
Oddi  fays,  he  not  intending  to  decide  the  difpute, 
leaves  it  to  time  to  difcover ;  and  leems  contented 
to  have  pointed  out  who  was  the  firft  inventor ;  his 
chief  intention  being  that  of  making  the  ufe  public, 
and  the  conftrudtion  eafy  to  workmen. 

The  following  authors  have  alfo  wrote  on  the 
fedtor,  and  fedtoral  lines. 

XVI.  Anno  1634,  P.  Petit y  printed  in  8vo.  at 
Parisy  a  treatife  on  the  fedtor.  He  thinks  Galilaus 
was  the  inventor. 

XVII.  An .  1635,  Matthias  Berneggerus  printed  at 
Strajburg  a  4to.  edition  of  Galilaus’ s  book  on  the 
fedtor,  which  confifts  of  two  parts :  To  this  is  added 

*  a  third 
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a  third  part,  fhewing  the  conftrudlion  of  GaliUus *s 
lines,  and  fome  additional  ufes  and  tables. 

XVIII.  An.  1 639,  Nicholas  Forejl  Duchefne  printed 
at  Paris ,  in  i2mo.  a  book  of  the  fedtor.  He  feems 
to  be  little  more  than  a  copier  of  Henrion. 

XIX.  An.  1645,  Bettinus  in  his  Apiaria  univerfa , 

&c.  apiar.  3d.  p.  95,  and  apiar .  12,  p.  4.  In  his 
JErarium  philo .  4to.  1648,  vol.  I.  p.  262. 

In  his  Recreationum  math,  appiarice ,  &c.  12  mo.  0/7. 
1658,  p.  75,  applies  the  fedlor  to  mufic. 

XX.  John  Chatfield  printed  at  London ,  in  i2mo. 
his  trigonal  f eft  or,  anno  1650. 

XXI.  An.  1656,  Nicholas  Goldman  printed  at  Ley- 
den ,  in  folio,  his  treatife  on  the  feftor.  He  fays  that 
GaliUus  was  the  firft  who  publifhed  the  defcription 
of  the  fedlor,  an  invention  ufeful  in  all  parts  of  the 
mathematics,  and  other  affairs  of  life. 

XXII.  John  Collins  printed  at  London ,  in  4to.  his 
book  of  the  feftor  on  a  quadrant ,  an.  1659. 

XXIII.  Pietro  Ruggiero ,  in  his  military  architecture, 
in  4to.  printed  at  Milan,  an.  1661,  p.  230,  applies 
the  fedlor  to  the  pradtice  of  fortification. 

XXIV.  An.  1662,  Gafpar  Schottus  printed  at 
Strajburgh  his  mathefis  exfarcea,  in  4to.  in  which  he 
gives  a  defcription  and  ufe  of  the  fedlor  :  In  the  pre¬ 
face  he  mentions  GaliUo  as  the  inventor  of  the  feftor. 

XXV.  J.  Femplar  printed  in  12  mo.  at  London, 
an.  1667,  a  book  called  the  femicircle  on  a  feci  or.  He 
fays,  the  applying  of  Mr.  Fcrjler* s  line  of  verfed 
fines  to  the  fedlor,  was  firft  publifhed  an.  1660,  by 
John  Brown ,  mathematical  inftrument  maker  in 
London. 

XXVI.  Daniel  Schwenter  in  his  practical  geometry, 
revifed  and  augmented  by  George  Andrew  Bochkin , 
printed  in  4to.  at  Nuremberg ,  an.  1667,  treats  on 
the  defcription  and  ufe  of  the  feftor. 

XX VII.  John  Caramuel  printed  at  Campania ,  an. 
1670,  his  mathefs  nova ,  in  2  vols.  folio.  In  the  2d 

vol. 
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vol.  p.  1 158,  he  treats  on  the  fedor,  relates  the  con- 
tell  between  GaliUus  and  Capra ,  and  thinks  the  fame 
might  have  been  objected  againft  others,  as  well  as 
againft  Capra :  He  alio  fays,  that  Clavius  had  fuch 
an  inftrument  before  that  of  GaliUus  appeared ;  and 
Clavius  having  taught  for  a  long  time  at  Rome ,  had 
many  fcholars,  fome  of  whom  might  have  carried 
his  inflruments  to  feveral  countries.  Caramuel  men¬ 
tions  a  ftory  of  a  Hollander  fhewing  to  GaliUus  an 
inftrument  of  this  fort,  that  he  had  brought  from  his 
country,  and  of  which  GaliUus  took  a  copy. 

XXVIII.  John  Brown ,  in  his  book  on  the  triangular 
quadrant,  printed  in  8vo.  at  London,  an .  1671. 

XXIX.  John  Chuftopher  Rohlhans,  in  his  math « 
and  optical  cur ioft ties,  printed  in  4to.  at  Leipfic,  an. 
16  77,  p.  21 6. 

XXX.  An.  1683,  Stanijlawa  Soljkiego  printed  at 
Kracow,  his  gecmetria  et  architettura  Poljki,  in  folio, 
p.  69,  treats  on  fome  fedoral  lines. 

XXXI.  Henrick  Jafper  Nuis,  printed  at  Tezwolle , 
in  4to.  his  Rettangulum  catholicum  geometrico  ajlrono - 
mi  cum,  an.  16  86. 

XXXII.  He  Chales,  in  his  curfus  mathem .  printed 
at  Leyden,  in  2  vols.  fol.  an.  1690.  Vol.  2d.  p.  58,, 
relates  the  conteft  between  GaliUus  and  Capra,  and 
afcribes  the  invention  of  the  proportional  compafs  to 
Dr.  Horfcher,  or  Juftus  Burgius . 

XXXIII.  An.  1691,  an  edition  in  8vo.  of  Mr. 
Ozanam9 s  treatife  of  the  fedtor,  was  printed  at  the 
Hague. 

XXXIV.  P.  Hojle  printed  at  Paris  his  courfe  of 
mathematics,  in  3  vols.  8vo.  an.  1692.  In  vol.  2d. 
p.  27.  he  gives  a  trad:  on  the  fedor. 

XXXV.  Thomas  Allingham  in  his  JJjort  treatife  on 
the  fedlor,  in  4to.  London,  1698. 

XXXVI.  J.  Good,  in  his  treatife  on  the  fetter,  in 
1 2 mo.  London,  1713* 
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XXXVII.  Chrijlian  Wolfius ,  in  his  math ,  lexicon , 
8vo.  printed  at  Leipjic ,  1716,  under  the  word 

circinus  proportionum ,  relates,  that  Levinus  Huljius , 
in  his  treatife  on  the  proportional  compaffes,  printed 
at  Frankfort  the  10th  of  A/*y,  1603,  ^ays’  r^at 
firft  faw  the  faid  inftrument  at  Ratijhon ,  on  the  day 
of  the  imperial  dyet :  That  he  had  fold  them  far  and 
near  before  1603  ;  and  that  it  had  been  inaccurately 
copied  in  feveral  places :  kVolfius  fays  farther,  that 
Juftus  Burgius  was  certainly  the  inventor,  but  ufed  to 
let  his  inventions  lye  unpublifhed. 

Pie  then  relates  the  conteft  between  Galiheus  and 
Capra ,  and  ends  with  ftiewing  the  difference  between 
the  inftruments  of  Burgius  and  Galilee  us. 

XXXVIII.  M.  Bion ,  in  his  conftrudtion  of  mathe¬ 
matical  inftruments,  tranflated  by  Edmund  Stone,  fob 
London ,  1723. 

XXX IX.  Mr.  Belidor ,  in  his  new  courfe  of  math . 
in  4to.  p.  364,  Paris,  1725. 

XL.  Roger  Rea ,  in  his  fedlor  and  plane  fcale  com¬ 
pared,  8 vo.  London,  172 7,  2d  edition. 

XLI.  Vincent  Tofco ,  in  his  compendium  of  the  math . 
in  9  vols.  8vo.  Madrid,  1727,  vol.  I.  p.  359. 

XLII.  Jacob  Leupold,  in  his  theatrum  arithmetico- 
geometricum ,  in  fol.  Lcipjic,  1727.  p.  86,  gives  a  de¬ 
tail  of  the  inventors  of  the  proportional  compaffes 
and  fedtor,  which  goes  on  to  p.  12 1,  and  then  he 
gives  a  lift  of  the  authors  who  have  wrote  on  propor¬ 
tional  inftruments,  ziz.  Bramer ,  1617*,  Capra ,  1607; 
Cafati ,  1664-,  Conet  te,  1626;  Lech  ales,  1690*  Dolz, 
1 6 1 8  •,  Faulhaber ,  j  6 1  o  •,  Galgemeyer ,  1 6 1 5  •,  I?m/- 
dell,  16 1 1  :  Galil aus,  1612;  Goldman ,  1656;  Horf- 
cher ,  1605;  Horen,  1605;  Huljius ,  1604*,  Clazius , 
1615;  Lockmann ,  1626;  Metius,  1623;  Pairidge — ; 
de  Saxonica,  1619;  Scheffelts,  1697*,  Steymann ,  1624*, 
Ut  tenh  offers,  1 6  2  6 . 

XLI II.  Samuel  Cunn,  in  his  my  treatife  on  the 
fedior,  8vo.  London ,  1720. 

XLIV. 


(  XV  ) 

XLIV.  William  Webfter,  in  his  appendix  to  a 
tranflation  of  P.  Hofi’s  mathematics,  8vo.  2  vols. 
London ,  1730. 

There  may  be  feveral  other  authors  who  have  wrote 
on  the  conftrudtion  and  ufe  of  the  fedtor,  or  on  fome 
of  the  iedtoral  lines;  but  thofe  above,  are  all  that 
have  come  to  hand  •,  and  indeed  thefe  are  many  more 
than  are  wanted  to  determine  this  enquiry  *,  which 
may  be  collected  chiefly,  from  Mordent  e>  Speckle,  Hoodt 
Clavius ,  Hulfius,  Galilee  us,  Oddi ,  Sallujbury ,  Caramuel , 
Dechales ,  Wolfius ,  and  Leupold ;  the  others  ferving 
only  to  inform  the  reader  what  works  are  extant  on 
this  fubjedt.  From  the  whole  he  may  obferve,  that 
there  are  few  countries  in  Europe ,  but  have  one  or 
more  treatifes  on  the  proportional  compafles  and 
fedtor,  in  their  own  language ;  and  this  is  fufhcient 
to  fhew,  that  thefe  inftruments  have  been  in  univerfal 
efteem. 

As  the  publication  of  Mordent? s  book  was  in  1584, 
it  is  not  improbable,  as  Caramuel  relates,  that  a  Hol¬ 
lander  (or  one  from  the  neighbourhood  of  Antwerp) 
might  fhew  one  of  Mordent? s  inftruments  to  Gali- 
l<eus  :  Neither  is  it  improbable  that  Galilteus  had  feen 
both  Mordent? s  and  Speckle's  books,  the  former  ha¬ 
ving  been  publifhed  thirteen  years,  and  the  latter 
eight  years,  before  Galilaus ,  by  his  own  accounts, 
thought  of  his  inftrument. 

As  Mutio  Oddi ,  was  a  native  of  Urbino ,  and  from 
what  he  fays  in  his  dedication,  it  is  not  improbable 
but  he  was  acquainted  with  one  or  more  of  the  per- 
fons  he  mentions  in  his  preface,  or  at  leaft  with  fome 
of  their  acquaintance,  from  whom  he  might  gather 
the  particulars  he  relates  ;  to  which,  if  any  credit 
may  be  given,  Commandine  was  the  inventor  of  the 
proportional  compafles,  and  Guidobaldo  of  the  fedtor : 
And  in  the  intercourfe  between  Italy  and  Germany , 
fome  of  Simone  Borachio's  work  might  get  into  the 
hands  of  many  ingenious  Germans ,  and  give  Juftus 

Burgius , 
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Burgius ,  to  whom  the  proportional  compafs  is  ufually 
afcribed,  opportunity  of  getting  an  early  copy ;  and 
alfo  put  into  Speckle's  way,  the  inftrument  he  men¬ 
tions  to  have  feen :  His  defcription  pretty  nearly  agree¬ 
ing  with  what  Oddi  fays  was  contrived  by  Guidobaldo. 

But  while  we  are  fearching  among  foreigners  for  the 
inventor  of  the  fedtor,  what  are  we  to  think  of  our 
countryman  Dr.  Hood?  who  in  1598  publilhed  his 
account  of  an  inftrument  which  he  really  calls  a  fec- 
tor :  And  though  we  fhould  allow  that  Hood  as  well 
as  Galilaus  might  have  feen  Mordent e* s  and  Speckle's 
books ;  and  both  of  them  might  have  feen  fome  of 
Borrachio's  work,  yet  it  is  not  very  probable  that 
Hood  could  have  got  the  form  of  his  inftrument  from 
GaliUus  the  year  after  he  thought  of  it;  and  as  Hood 
publifhed  eight  years  before  GaliUus ,  Hood  certainly 
has  an  equal  right  with  Galiheus ,  if  not  a  greater,  to 
the  honour  of  the  invention  of  the  fedtor. 

After  all,  it  may  be  laid,  that  it  is  not  impoflible’ 
for  the  fame  thing  to  be  difcovered  by  different  per- 
fons  who  have  no  connexion  with  one  another ;  ex¬ 
amples  of  a  like  coincidence  of  thoughts  being  known 
on  other  fubje&s. 

To  the  prefent  edition,  there  is  added  an  appendix 
on  the  gunners  callipers,  which  was  promifed  to  the 
public  in  the  former  imprefiion,  publifhed  at  the  be¬ 
ginning  of  the  year  1747  ;  and  befide  this,  the  body 
of  the  book  has  been  augmented  by  more  than  three 
fheets  of  additional  illuftrations  and  problems,  and 
another  plate :  By  all  thefe  additions,  it  is  conceived 
the  book  is  now  rendered  more  generally  ufeful. 

What  is  done  in  the  foregoing  effay,  and  in  the 
following  work,  is  fubmitted  to  the  reader’s  judg¬ 
ment;  the  author  intending  no  more  than  to  have  the 
honour  of  invention  afcribed  to  whom  it  is  due;  and 
alfo  to  give  fome  afliftance  to  beginners  in  the  mathe¬ 
matical  ftudies. 

Royal  Academy  P ortf mouth  CON 

March  5,  1755. 
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Of  the  molt  Neceflary 


Mathematical  Inftruments, 


Sect.  I. 

A  S  E  S  of  Mathematical  Inftruments  are 
of  various  forts  and  fizes  *,  and  are  com¬ 
monly  adapted  to  the  fancy  or  occafion  of 
the  perfons  who  buy  them. 

The  fhialleft  colledion  put  into  a  cafe* 
commonly  confifts  of, 

I.  A  pair  of  compajfes,  one  of  whofe  points  may  be 
taken  off,  and  its  place  fupplied  with, 

B  A  crayon 
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A  crayon  for  lead  or  chalks. 

A  drawing-fen  for  ink. 

II.  A  plane  fcale . 

With  thefe  inftruments  only  a  tolerable  fhift  may 
be  made  to  draw  mod  mathematical  figures. 

But  in  fets,  called  complete  pocket-cafes,  befide  the 
inftruments  above,  are  the  following. 

III.  A  fmaller  pair  of  compajfes. 

IV.  A  pair  of  bows. 

V.  A  black-lead  pencil,  with  a  cap  and  feeder. 

VI.  A  drawing-pen  with  a  protrabling*pin, 

VII.  A  protrattor. 

VIII.  A  parallel-ruler . 

IX.  A  f eft  or. 

In  forne  cafes,  the  plane  fcale,  protrador,  and 
parallel-ruler,  arc  included  in  one  inftrument. 

The  common,  and  mo  ft  efteemed  fize  of  thefe  in¬ 
ftruments,  is  fix  inches  ^  though  they  are  fometimes 
made  of  other  fizes,  and  particularly  of  four  inches 
and  a  half. 

Note ,  the  fize  of  a  cafe  is  named  from  the  length 
of  the  fcale  or  fedor. 

Some  artifts  have  contrived  a  very  commodious, 
fiat  cafe,  or  box,  where  the  infide  of  the  lid  or  top 
contains  the  rulers  and  feales  :  The  compafles,  draw¬ 
ing-pen,  &c.  lie  in  the  partitions  of  a  drawer,  that 
drops  into  the  bottom  part  of  the  cafe,  but  not  quite 
to  the  bottom  •,  leaving  room  under  it  for  black-lead 
pencils ,  hair  pencils ,  Indian  ink ,  colour  cells ,  &c.  and 
befide  the  inftruments  already  enumerated,  in  boxes 
or  cafes  of  this  fort  are  put 

X.  A  tracing-point . 

XI.  A  pair  of  proportional  compajfes . 

XII.  A  gunner's  callipers. 

But  the  cafe  of  inftruments  called  the  magazine ,  is 
the  mo  ft  complete  colledion  j  for  this  contains  what¬ 
ever  can  be  of  ufe  in  the  pradice  of  drawing ,  dejign - 
ing,  &c,  and  as  the  greateft  part  of  thefe  inftruments 
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are  fcarcely  ever  ufed  but  in  the  dudies  or  chambers 
of  thofe  who  have  occafion  for  them  *  therefore  it 
will  be  ufelefs  to  infill  on  pocket  cafes  •,  for  few 
pcrfons  care  to  load  themfelves  with  the  carriage  of 
what  is  called  a  complete  feU 


Sect.  II. 


Of  the  Compasses  and  Bows, 

COMPASSES  arc  ufually  made  of  filver  or 
brafs,  and  thofe  are  reckoned  the  bed,  part  of 
whofe  joint  is  Heel ;  and  where  the  pin  or  axle  on 
which  the  joint  turns,  is  a  Heel  fcrew  \  for  the  oppofi- 
tion  of  the  metals  makes  them  wear  more  equable  : 
and  by  means  of  the  fcrew  axle,  with  the  help  of  a 
turn-ferew ,  (which  fhould  have  a  place  in  the  cafe)  the 
compaffes  can  be  made  to  move  in  the  joint,  differ  or 
eafier,  at  pleafure-  If  this  motion  is  not  uniformly 
fmooth,  it  renders  the  indrument  lefs  accurate  in  ufe- 
Their  points  fhould  be  of  decl,  and  pretty  well 
hardened,  elfe  in  taking  meafures  off  the  feales,  they 
will  bend,  or  be  foon  blunted.  They  alfo  fhould  be 
well  polilhed,  whereby  they  will  be  preferved  free 
from  rud  a  long  time. 

To  one  point  of  the  fmaller  compaffes,  it  is  common 
to  fix  in  the  fhank  a  fpring,  which  by  means  of  a 
fcrew,  moves  the  point y  fo  that  when  the  compals  is 
opened  nearly  to  a  required  didance,  by  the  help  of 
the  fcrew  the  points  may  be  fet  exadlly  to  that  dis¬ 
tance  y  which  cannot  be  done  fo  well  by  the  motion  in 
the  joint. 

To  ufe  the  fpring  point. 

Hold  the  compafles  in  the  left  hand  with  the  {crew 
turned  towards  the  right ;  turn  the  fcrew  towards  you, 
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or  flacken  it,  and  the  fpring  point  will  be  brought 
nearer  to  the  other  point :  On  the  contrary,  by  turn¬ 
ing  the  fcrew  from  you,  or  lightning  it,  the  fpring 
point  will  be  let  farther  from  the  other  point. 

The  ufe  of  thefe  leffer  compares,  is  to  transfer  the 
meafures  of  diftances  from  one  place  to  another  ;  or, 
to  deferibe  obfeure  arcs. 

Of  the  large  fized  compares,  thofe  are  efteemed 
the  belt,  whole  moveable  points  are  locked  in  by  a 
fpring  and  catch  fixed  in  the  fhank  ;  for  if  this  fpring 
be  well  effected,  the  point  is  thereby  kept  tight  and 
fteady  *,  the  contrary  of  which  frequently  happens, 
when  the  point  is  kept  in  by  a  fcrew  in  the  fhank. 

The  ufe  of  thefe  compares  is  to  deferibe  arcs  or 
circumferences  with  given  radius’s  :  and  it  is  eafy  to 
conceive,  that  thefe  arcs  or  circumferences  can  be 
deferibed,  either  obfeurely  by  the. Heel  point*,  in  ink, 
by  the  ink  point  *,  in  black-lead  or  chalks,  by  the 
crayon;  and  with  dots,  by  the  dotting-wheel;  for 
either  of  them  may  be  fixed  in  the  fhank  in  the  place 
of  the  flee!  point. 

As  the  dotting-wheel  has  not  hitherto  been  effedt- 
ed,  fo  as  to  deferibe  dotted  lines  or  arcs,  with  any 
tolerable  degree  of  accuracy,  it  feems  therefore  to  be 
ufelefs :  and,  indeed,  dotted  lines  of  any  kind  are 
much  better  made  by  the  drawing-pen. 

The  drawing-pen  point,  and  crayon,  have  gene¬ 
rally  (in  the  belt  fort  of  cafes)  a  locket  fitted  to  them : 
fo  that  they  occupy  but  one  of  the  holes,  or  parti¬ 
tions,  in  the  cafe. 

The  ink,  and  crayon  points,  have  a  joint  in  them, 
juft  under  that  part  which  locks  into  the  fhank  of  the 
compaftes  *,  becaufe  the  part  below  the  joint  fhould 
ft  and  perpendicular  to  the  plane  on  which  the  lines 
are  deferibed,  when  the  compafs  is  opened. 

If  inftead  of  the  larger  compafs  being  made  witfy 
fnifting  points,  there  were  two  pair  put  into  the 
cafe ;  to  one  of  which  the  ink  point  was  fixed,  and  to 
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the  other  the  crayon  point ;  this  would  fave  the  trou¬ 
ble  of  changing  the  points  in  the  compafs  at  every 
time  they  were  ufed  *,  and'  would  increafe  the  expence, 
or  bulk  of  the  cafe,  but  a  trifle. 

Most  perfons  at  firft,  handle  a  pair  of  compares 
very  aukwardly,  whether  in  the  taking  of  diftances 
between  the  points,  or  defcribing  of  circles.  To  be 
fure  long  pradtice  brings  on  eafy  habits  in  the  ufe  of 
things,  however  a  caution  or  two  may  be  ferviceable 
to  beginners. 

To  open  and  work  the  compajfes. 

With  the  thumb  and  middle  finger  of  the  right 
hand  pinch  the  compafles  in  the  hollow  part  of  the 
fliank,  and  it  will  open  a  little  way  ;  then- the  third 
linger  being  applied  to  the  inlide  of  the  neareft  leg, 
and  the  nail  of  the  middle  finger  a&ing  againft  the 
fartheft,  will  open  the  compafles  far  enough  to  intro¬ 
duce  the  fingers  between  the  legs :  then  the  hither 
one  being  held  by  the  thumb  and  third  finger,  the 
farther  leg  may  be  moved  forwards  and  backwards 
very  eafily  by  the  fore  and  middle  fingers,  the  fore 
finger  prefling  on  the  outfide  to  fhut,  and  the  middle 
one  adting  on  the  infide  to  open,  the  compafles  to  any 
defired  extent.  In  this  manner  the  compafles  are 
manageable  with  one  hand,  which  is  convenient  when 
the  other  hand  is  holding  a  ruler  or  other  inftrument.  ✓ 

To  take  a  diftance  between  the  points  of  the  compajfes. 

Hold  the  compaffes  upright,  fet  one  point  on  one 
end  of  the  diftance  to  be  taken,  there  let  it  reft  ;  and 
(as  before  fhewn)  extend  the  other  point  to  the  other 
end. 

Always  take  care  to  avoid  working  the  compafles 
with  both  hands  at  once  j  and  never  ufe  them  other- 
wife  than  nearly  upright. 
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To  defer ibe  circles  or  arcs  with  the  compares . 

Set  one  foot  of  the  compares  on  the  point  defigned 
for  the  centre,  hold  the  head  between  the  thumb  and 
middle  finger,  and  let  the  fore  finger  reft  on  the 
head,  but  not  to  prefs  it :  then  by  rolling  the  head 
between  the  finger  and  thumb,  and  at  the  fame  time 
touching  the  paper  with  the  other  point,  a  circle  or 
arc  may  be  deferibed  with  great  eafe,  either  in  lead  or 
ink. 

In  defcribing  of  arcs  it  fhould  be  obferved,  that 
the  paper  be  not  preffed  at  the  centre,  or  under  the 
foot,  with  more  weight  than  that  of  the  compafles  ; 
for  thereby  the  great  holes  and  blots  may  be  avoided, 
which  too  frequently  deface  figures  when  they  are 
made  by  thofe  who  arc  aukward  or  carejefs  in  the  ufe 
of  their  inftruments. 

Of  the  Bows, 

The  bows  are  a  fmail  fort  of  compafles,  that  conv 
monly  {hut  into  a  hoop,  which  ferves  as  a  handle  to 
them.  Their  ufe  is  to  deferibe  arcs,  or  the  circumfe¬ 
rences  of  circles,  whofe  radius’s  are  very  fmail,  and 
could  not  be  done  near  fo  well  by  larger  compafles. 


Sect.  III. 

Of  the  Black-lead  Pencil ,  Feeder 3  and  Tfracing 

Point . 


TH  E  Black-lead  Pencil  is  ufeful  to  deferibe  the 
fir  ft  draught  of  a  drawing,  before  it  is  marked 
with  ink  i  becaufe  any  falfe  ftrokes,  or  fuperfluous 

lines. 
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lines,  may  be  rubb’d  out  with  a  handkerchief  or  piece 
of  bread. 

The  Feeder  is  a  thin  fiat  piece  of  metal,  and  is  fome- 
times  fixed  to  a  cap  that  flips  on  the  top  of  the  pencil, 
and  ferves  either  to  put  ink  between  the  blades  of  the 
drawing-pen,  or  to  pafs  it  between  the  points,  when 
the  ink  by  drying,  does  not  flow  freely. 

The  Fracing  Point  is  a  pointed  piece  of  fleel  *,  and 
commonly  has  the  feeder  fixed  to  the  other  end  of 
the  handle.  Its  ufe,  is  to  mark  out  the  outlines  of  a 
drawing  or  print  when  an  exadt  copy  thereof  is  want¬ 
ed,  which  may  be  done  as  follows. 

On  a  piece  of  paper,  large  enough  to  cover  the 
thing  to  be  copied,  let  there  be  flrewn  the  ferapings 
of  red  chalky  or  of  black  chalk ,  or  of  black  lead  rub 
thefe  on  the  paper,  fo  that  it  be  uniformly  covered  ; 
and  wipe  off,  with  a  piece  of  muflin,  as  much  as  will 
come  away  with  gentle  rubbing.  Lay  the  coloured 
fide  of  this  paper,  next  to  the  vellum,  paper,  &c.  on 
which  the  drawing  is  to  be  made  :  on  the  back  of 
the  colour'd  paper,  Jay  the  drawing,  &c.  to  be  copied. 
Secure  all  the  corners  with  weights,  or  pins,  that  the 
papers  may  not  flip  :  trace  the  lines  of  the  thing  to  be 
copied,  with  the  tracing  point ;  and  the  lines  fo  traced 
will  be  imprefs’d  on  the  clean  paper. 

An  d  thus,  with  care,  may  a  drawing  or  print,  be 
copied  without  being  much  damaged. 

Note ,  The  coloured  paper  will  ferve  a  great  many 
times. 

There  is  not  perhaps,  a  more  ufeful  inflrument  in 
being  for  ready  fervice  in  making  of  fketches  or  finifh- 
ed  plans ;  whether  of  architecture,  fortification,  ma¬ 
chines,  landfkips,  ornaments,  &c.  than  a  black-lead 
pencil ;  and  therefore  it  may  be  proper  to  give  a  few 
hints  concerning  this  excellent  mineral. 

Black-lead  is  produced  in  many  countries,  but  the 
belt:  yet  difcovered  is  found  in  the  north  of  England  : 
it  is  dug  out  of  the  ground  in  lumps,  and  fawed  out 
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into  fcantiings  proper  for  ufe  :  the  kinds  moft  proper 
to  ufe  on  paper  muft  be  of  an  uniform  texture,  which 
is  difcoverable  by  paring  a  piece  to  a  point  with  a 
penknife  ;  for  if  it  cuts  fmooth  and  free  from  hard 
flinty  particles,  and  will  bear  a  fine  point,  it  may  be 
pronounced  good. 

There  are  three  forts  of  good  black-lead;  the 
foft,  the  midling,  and  the  hard  :  the  foft  is  fitted  for 
taking  of  rough  fketches,  the  midling  for  drawing  of 
landfkip  and  ornaments,  and  the  hard  for  drawing  of 
lines  in  mathematical  figures,  fortification,  architec¬ 
ture,  &c.  The  indifferent  kinds,  or  thofe  which  in 
cutting  are  found  flinty,  are  ufeful  enough  to  carpen¬ 
ters  or  fuch  artificers  who  draw  lines  on  wood,  &c. 

The  beft  way  of  fitting  black-lead  for  ufe,  is  firft 
to  faw  it  into  long  flips  about  the  flze  of  a  crow-quill, 
and  then  fix  it  in  a  cafe  of  foft  wood,  generally  cedar, 
of  about  the  flze  of  a  goofe-quill,  or  larger ;  and  this 
cafe  is  cut  away  with  the  lead  as  it  is  ufed. 


Sect.  IV. 


Of  the  Drawing-Pen ,  and  Protr  adding- Pin* 

H  E  Drawing-pen  is  an  inftrument  ufed  only 
j|  for  drawing  of  right  lines ;  and  confifts  of  two 
blades,  with  fteel  points,  fix’d  to  a  handle.  The  blades 
by  being  a  little  bent,  caufe  the  fteel  points  to  come 
nearly  together;  but  by  means  of  a  ferew  pafling  thro.5 
both  of  them,  they  are  brought  clofer  at  pleafure, 
as  the  line  to  be  drawn  fhould  be  ftronger  or  finer. 

In  ufing  this  inftrument,  put  the  ink  between  the 
blades  with  a  common  pen*  or  with  the  feeder  ;  and 
(by  the  ferew)  bring  them  to  a  proper  diftance  for 
drawing  the  intended  line  ;  hold  the  pen  a  little  in¬ 
clined* 
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dined,  but  fo  that  both  blades  touch  the  paper  •,  then 
may  a  line  be  drawn  very  fmooth,  and  of  equal 
breadth,  which  could  not  be  done  fo  well  with  a  com¬ 
mon  pen. 

Note ,  Before  the  drawing-pen  is  put  into  the  cafe, 
the  ink  fhould  be  wiped  from  between  the  blades ; 
otherwife  they  will  foon  ruft  and  fpoil,  efpecially  with 
common  ink.  And  that  they  may  be  clean’d  eafily, 
one  of  the  blades  fhould  move  on  a  joint. 

The  diredions  given  about  this  drawing- pen,  will 
ferve  for  the  drawing-pen  point,  ufed  with  the  com- 
pafifes.  But  it  muft  be  obferved,  that  when  any  arc 
is  defcribed  of  more  than  an  inch  radius,  then  the  ink 
point  fhould  be  bent  in  the  joint  fo  that  both  the 
blades  of  the  pen  touch  the  paper,  otherwife  the  arc 
defcribed  will  not  be  fmooth. 

The  Protradiing-pin  is  a  piece  of  pointed  fteel  (like 
the  point  of  a  needle)  fixed  into  one  end  of  a  part  of 
the  handle  of  the  drawing-pen  \  into  which,  the  piece 
with  the  pin  in  it,  generally  fcrews.  Jts  ufe  is  to 
point  out  the  interfedions  of  lines ;  and  to  mark  off 
the  divifions  of  the  protrador,  as  hereafter  direded. 


Sometimes  on  the  top  of  the  drawing-pen  is  a 
focket,  into  which  a  piece  of  black-lead  pencil  may 
be  put. 


Sect.  V. 


Of  the  Parallel-Ruler. 

TPI I  S  inflrument  confiflis  of  two  Rulers ,  con- 
neded  together  by  two  metal  bars,  moving 
eafily  round  the  rivets  which  fallen  their  ends ;  thefe 
bars  are  fo  placed  that  both  have  the  fame  inclination 

to 
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to  each  Ruler  *,  whereby  they  will  be  Parallel  at  every 
diftance,  to  which  the  bars  will  fuffer  them  to  rececd. 

But  the  beft  Parallel- Rulers  are  thofe,  whole  bars 
crofs  each  other,  and  turn  on  a  joint  at  their  inter- 
fedtion  ;  one  end  of  each  bar  moving  on  a  centre, 
and  the  other  ends  Aiding  in  grooves  as  the  Rulers 
receed. 

This  inftrument  is  very  ufeful  in  delineating  civil 
and  military  architecture,  where  there  are  many  Pa¬ 
rallel  lines  to  be  drawn  •,  and  alfo  in  the  folution  of 
feveral  geometrical  Problems  j  l'ome  of  which  are  as 
follows. 

PROBLEM  I. 

A  right  line  ab  being  given,  to  draw  a  line  parallel 
thereto ,  that  Jhall  pafs  through  a  given  point  c  (Fig.  i. 

PI.  III.) 

Construction.  Apply  one  edge  of  the  parallel- 
ruler  to  the  given  line  ab  ;  prefs  one  ruler  tight  againft 
the  paper,  and  move  the  other  untill  its  edge  cuts  the 
point  c  ;  there  ftay  that  ruler ,  and  by  its  edge  draw 
a  line  through  c,  then  this  line  will  be  parallel  to  ab. 

If  the  point  c  happens  to  be  farther  from  the  line 
ab,  than  the  rulers  will  open  to  *,  flay  that  ruler  near- 
eft  to  c,  and  bring  the  other  clofe  to  it,  where  let  it 
reft,  and  move  forward  the  ruler  neareft  to  c,  and 
fo  continue  till  one  ruler  is  brought  to  the  point  in¬ 
tended. 

The  manner  of  ufing  xk\t  parallel-ruler  as  here  di¬ 
rected,  is  underftood  to  be  the  fame  in  the  folution  of 
the  following  Problems. 

P  R  O  B  L  E  M  II. 

A  right  line  ab  being  given,  to  divide  it  into  any  pro - 
pos’d  number  of  equal  parts-,  fuppefe  5.  (Fig  2.) 

Construction.  Draw  the  indefinite  right  line  bc, 
fo  as  to  make  with  ab,  any  angle  at  plealure  with 

any 
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any  convenient  opening  of  the  compafies,  lay  off  on 
bc,  the  required  number  of  equal  parts,  viz.  i,  2, 
3,  4,  5  ;  lay  the  edge  of  the  parallel-ruler  by  the 
points  5  and  a,  and  parallel  thereto,  through  the 
points  4,  3,  2,  1,  draw  lines ;  then  ab,  by  the  inter- 
ie&ion  of  thofe  lines  will  be  divided  into  5  equal  parts. 

PROBLEM  III. 

Any  right  lined  quadrangle  or  polygon  being  given ,  to 
make  a  right  lin'd  triangle  of  equal  area . 

Exam.  I.  To  make  a  triangle  of  equal  area  to  the 
quadrilateral  abdc.  (Fig.  3.) 

Construction.  Prolong  ab;  draw  cb  ;  and 
through  d,  draw  de  parallel  to  cd,  cutting  ae  in  e  ; 
then  a  line  drawn  from  c  to  e  forms  the  triangle  ace, 
of  equal  area  to  the  quadrangle  abdc. 

Exam.  II.  Given  the  pentagon  abcde  ;  requir'd  to 
make  a  triangle  of  equal  area.  (Fig.  4.) 

Construction.  Produce  dc  towards  f;  draw  ac  ; 
through  b,  and  parallel  to  ac  draw  bf  cutting  dc  in 
and  draw  af.  Then  the  area  of  the  trapezium 
afde  will  be  equal  to  the  area  of  th t  pentagon  abcde* 

Again.  Produce  ed  towards  g  ;  draw  ad  ;  through 
F,  draw  fg  parallel  to  ad,  and  draw  ag.  Then  the 
area  of  the  triangle  age,  will  be  equal  to  that  of  the 
trapezium  afde  ;  and  confequently,  to  that  of  the 
pentagon  abcde. 

Exam.  III.  To  make  a  triangle  equal  in  area  to  the 
Hexagon ,  abcdef.  (Fig.  5.) 

Construction.  Draw  fd,  and  parallel  thereto, 
through  e,  draw  eg  meeting  cd  produced  in  g,  and 
draw  gf.  Then  the  triangle  fgd  is  equal  to  the  tri¬ 
angle  fed,  and  the  given  Hexagon  is  reduced  to  the 
Pentagon  aecgf  equal  in  area. 


Again t 
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Again.  Draw  ag  through  f,  draw  fh  parallel  to 
ag,  meeting  cg  produced  in  h  ;  draw  ah,  and  the 
pentagon  is  reduced  to  the  trapezium  abch. 

Laftly ,  Draw  ac,  and  parallel  thereto,  through  h* 
draw  fti,  meeting  bc  produced  in  i,  and  draw  ai. 
Then  the  trapezium  is  reduced  to  the  triangle  abi, 
which  is  equal  in  area  to  the  given  Hexagon  abcdef. 

Ex  a  m  .  I V.  Given  the  nine  Jided  figure  abcdefghi, 
to  make  a  triangle  of  equal  area.  (Fig  6  ) 

Construction,  lft.  Draw  ib,  and  through  a 
draw  ak  parallel ~ to  ib,  meeting  hi  produced  in  k, 
and  draw  bk  fo  the  three  Tides  hi,  ia,  ab,  are  re¬ 
duced  to  the  two  Tides  hk,  kb. 

2d,  Draw  kc,  and  through  b  draw  bl  parallel  to 

kf,  meeting  cd  inL;  draw  kl,  and  the  three  Tides 
dc,  cb,  bk,  are  reduced  to  the  two  Tides  dl,  lk, 

3d,  Draw  kg  ;  through  h,  draw  hm,  parallel  to 

kg,  meeting  gf  in  m,  and  draw  km;  To  the  three 
(ides  kh,  hg,  gf,  are  reduced  to  the  Tides  km,  and 
mf, 

4th,  Draw  kf  ;  through  m,  draw  mn,  parallel  to 
k.e,  meeting  fe  in  n,  and  draw  kn  ;  To  the  three 
Tides  km,  mf,  fe,  are  reduced  to  two  Tides  kn,.ne. 

5th,  Draw  ln,  and  through  k,  draw  ko,  parallel 
to  ln,  meeting  ef  produced  in  o,  and  draw  lo  ;  To 
the  three  Tides  en,  nk,  kl,  are  reduced  to  the  two 
Tides  eo,  ol. 

Laftly ,  Draw  le,  and  through  d,  draw  dp  parallel 
to  le,  meeting  oe  produced  in  p,  and  draw  lp  ;  To 
fhall  the  triangle  olp  be  equal  in  area  to  the  given 
nine  Tided  figure. 

Proceeding  in  the  Tame  manner-,  a  figure  of  any 
number  of  Tides  may  be  reduced  to  a  triangle  of  equal 
area. 


s. 


Sect. 
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Sect.  VI. 

Of  the  Protractor. 

H  E  Protractor ,  is  an  inftrument  of  a  femicir- 


1  cular  form ;  being  terminated  by  a  right  line 
reprefenting  the  diameter  of  a  circle,  and  a  curve  line 
of  half  the  circumference  of  the  fame  circle.  As  at 
Fig.  7.  The  point  c,  (the  middle  of  ab)  is  the 
centre  of  the  femicircumference  adb,  which  femicir- 
cumference  is  divided  into  180  equal  parts  calfd 
degrees ;  and  for  the  convenience  of  reckoning  both 
ways,  is  numbered  from  the  left  hand  towards  the 
right,  and  from  the  right  hand  towards  the  left,  with 
10,  20,  30,  40,  &c.  to  180,  being  the  half  of  360, 
the  degrees  in  a  whole  circumference.  The  ufe  of 
this  inftrument  is  to  protract ,  or  lay  down  an  angle 
of  any  number  of  degrees,  and  to  find  the  number 
of  degrees  contained  in  any  given  angle. . 

But  this  inftrument  is  made  much  more  commo¬ 
dious,  by  transferring  the  divifions  on  the  femicircum¬ 
ference,  to  the  edge  of  a  ruler ^  whofe  fide  ef  is  parallel 
to  ab  ;  (fee  Fig.  7.)  which  is  done  by  laying  a  ruler 
on  the  centre  c,  and  the  feveral  divifions  on  the  femi¬ 
circumference  adb,  and  marking  the  interfedtions  of 
that  ruler  on  the  line  ef,  which  may  eafily  be  con¬ 
ceiv’d  by  ohferving  the  lines  drawn  from  the  centre 
c  to  the  divifions  90,  60,  30  ;  fo  that  a  ruler  with 
thefe  divifions  mark’d  on  3  of  its  fides  and  num¬ 
bered  both  ways,  as  in  the  Protractor ,  (the  fourth 
or  blank  fide  reprefenting  the  diameter  of  the  circle) 
is  of  the  fame  ufe  as  a  Protractor ,  and  is  much  better 
adapted  to  a  cafe. 

That  fide  of  the  inftrument  on  which  the  divi¬ 
fions  are  mark’d,  is  call’d  the  graduated  fide,  or  limb 
of  the  inftrument,  which  fhould  be  Hoped  away  to  an 
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edge,  whereby  the  divifions  on  the  limb  will  be  much 
cafier  pointed  off. 

PROBLEM  IV. 

v  / 

A  number  of  degrees  being  given  •,  to  protraCl ,  or  lay 
down  an  angle  whofe  meafure  ft) all  be  equal  thereto . 
And  an  angle  being  protracted ,  or  laid  down ,  to  find  what 
number  of  degrees  meafures  that  angle. 

Exam.  I.  'To  drazv  a  line  from  the  point  a,  that  JJoall 
make  an  angle  with  the  line  ab  of  48  deg.  Fig.  8. 

Apply  the  blank  edge  of  the  protradlor  to  the  line 
ab,  fo  that  the  middle  or  centre  thereof  (which  is 
always  mark’d)  may  fall  on  the  point  a  *,  then  with 
the  protra<fting-pin,  make  a  mark  on  the  paper  againfh 
the  divifion  on  the  limb  of  the  inftrument  numbered 
with  the  degrees  given  j  [viz.  48.)  counting  from  the 
right  hand  towards  the  left ;  a  line  drawn  from  a, 
through  the  faid  mark,  as  ac,  fhall  with  ab,  form  the 
angle  required,  viz .  48  degrees. 

If  the  line  had  been  to  make  an  angle  with  ab,  at 
the  point  b  *,  then  the  centre  mull  have  been  laid  on 
b,  and  the  divifions  counted  from  the  left  hand  to¬ 
wards  the  right. 

«  , 

Exam.  II.  To  find  the  number  of  degrees  which  mea¬ 
fure  the  angle  abc.  Fig.  9. 

Apply  the  blank  edge  of  the  protradtor  to  the  line 
ab,  fo  that  the  centre  fhall  fall  on  the  point  b  \  then 
will  the  line  bc  cut  the  limb  of  the  inftrument  in  the 
number  expreffing  the  degrees  that  meafure  the  given 
angle  ;  which  in  this  example  is  125  degrees,  counting 
from  the  left  hand  towards  the  right. 


PROBLEM 

\ 


i 
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PROBLEM  V. 

From  any  given  point  a,  in  a  line  ab,  to  draw  a  line 
perpendicular  to  ab.  Fig.  10. 

Lay  the  protraCtor  acrofs  the  line  ab  in  fuch  a 
manner  that  the  centre  on  the  blank  edge,  and  the 
divifion  numbered  with  90,  on  the  limb,  may  both  be 
cut  by  the  given  line  •,  then  keeping  the  ruler  in  this 
pofition,  Aide  it  along  the  line,  till  one  of  thefe  points 
touch  the  given  point  a,  draw  the  line  ca,  and  it  will 
be  perpendicular  to  ab. 

In  the  fame  manner,  a  line  may  be  drawn,  perpen¬ 
dicular  to  a  given  line,  from  a  given  point  out  of  that 
line. 

PROBLEM  VI. 

In  a  circle  given  to  inferibe  any  regular  Polygon .  fup- 
pofe  an  off  agon.  Fig.  11. 

Construction.  Apply  the  blank  edge  of  the  pro - 
traffor  to  ab  the  diameter  of  the  Circle ,  fo  that  their 
centres  fhall  coincide ;  fee  off  a  number  of  degrees 
from  b  to  d  equal  to  an  angle  at  the  centre  of  that 
polygon ,  (viz.  45.)  and  through  that  mark  draw  a 
radius  cd  *,  then  fhall  bd  the  chord  of  the  arc  ex¬ 
prefling  thofe  degrees,  be  the  fide  of  the  intended 
polygon ;  which  chord  taken  between  the  compaflfes, 
and  applied  to  the  circumference  will  divide  it  into 
as  many  equal  parts  as  the  polygon  has  Tides,  viz.  8  ; 
and  the  feveral  chords  being  drawn  will  form  the 
polygon  required. 

It  will  rarely  happen  that  this  operation,  though 
true  in  theory,  will  give  the  fide  of  the  polygon 
exadt  ;  for  when  the  chord  of  the  arc  prickt  off 
from  the  protractor,  is  taken  with  the  compaflfes 
and  applied  to  the  circle,  it  generally  falls  be¬ 
yond,  or  fhort,  of  the  point  fet  out  from  :  for  it 
muff  be  obferved  that  the  point  where  two  lines  in- 
2  terleCl 
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terfedt  one  another  is  not  to  be  readily  determined 
in  a  practical  manner  and  a  very  fmall  error  in  the 
taking  the  length  of  the  chord,  being  feveral  times 
repeated  becomes  confiderable  at  laft.  Here  the  com¬ 
pares  with  the  fpring  point  will  be  found  of  great  ufe. 

V  •  *”* 

A  T  ABLE,  J hewing  the  Angles  at  the  Centres 
and  Circumferences  of  regidar  Polygons  from 
three  to  twelve  Sides  inclujive. 


Names. 

Sides. 

Angles  at  Center 

Angles  at  Cir, 

Trigon 

0 

0 

120°  OO' 

6o°  oo' 

Square 

4 

90  OO 

90  OO 

Pentagon 

5 

72  OO 

I08  OO 

Hexagon 

6 

60  OO 

120  OO 

Heptagon 

7 

51  25f 

128  ' 34t 

Odtagon 

8 

45  00 

i35  00 

Nonagon 

9 

40  OO 

r  - 

140  OO 

Decagon 

IO 

36  00 

144  00 

Endecagon 

I  I 

32  43 tt 

147  l6Ti 

Dodecagon 

12 

30  OO 

150  00 

This  table  is  conftrudted,  by  dividing  360,  the 
degrees  in  a  circumference,  by  the  number  of  Tides  in 
each  polygon  ;  and  the  quotients  are  the  angles  at  the 
centers-,  the  angle  at  the  center  fubftradted  from  180 
degrees,  leaves  the  angle  at  the  circumference. 

PROBLEM  VII. 

.  Upon  a  given  right  line  ab,  to  defer i he  any  regular 
polygon .  Fig.  12. 

Cotf- 
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Construction.  From  the  ends  of  the  given  line, 
draw  the  lines  ad,  bc  ;  fo  that  the  angles  bad,  abc, 
may  each  be  equal  to  the  angle  at  the  circumference 
in  that  polygon  ;  make  ad,  bc,  each  equal  to  ab  ;  from 
the  points  d  and  c,  draw  lines  that  fhall  make  with 
da,  cb,  angles  equal  to  the  former  ;  make  thefe  lines 
each  equal  to  ab  ;  and  fo  continue,  till  a  polygon  is 
form’d  of  as  many  fides  as  required. 


Exam.  I.  Upon  the  line  ab  to  defcribe  an  hexagon . 

Fig.  12. 

Draw  ad,  bc,  fo  that  the  angles  bad,  abc,  may 
be  each  120  degrees-,  make  ad,  bc,  each  equal  to 
ab  :  alfo,  make  the  angles  adf,  bce,  each  equal  to 
120  degrees,  and  make  df,  ce,  each  equal  to  ab  $ 
draw  fe  and  ’tis  done. 

Or  it  may  be  done  by  the  help  of  the  parallel  ruler, 
when  the  polygon  has  an  even  number  of  fides, 
Thus, 

Having  form’d  the  three  fides  ad,  ab,  bc,  as  be¬ 
fore  diredted -,  through  d,  draw  df  parallel  to  bc  \ 
make  df  equal  to  ab;  through  f  draw  fe  parallel  to 
ab  :  make  fe  equal  to  ab  and  join  ce. 


Exam.  II.  Upon  the  line  ab  to  defcribe  a  pentagon, 

F'g-  '3-  . 

Draw  ac,  bd,  that  each  may  make  with  ab,  an 

angle  of  108  degrees.  Make  ac,  bd,  each  equal  to 
ab  ;  on  the  points  c  and  d,  with  the  compares  opened 
to  the  diftance  ab,  defcribe  arcs  to  crofs  each  other  in 
e  ;  draw  ec  and  ed,  and  ’tis  done. 

In  any  regular  polygon,  having  found  all  the  fides 
but  two,  as  above  dire  died  \  thofe  may  be  found  as 
the  laft  two  in  the  pentagon  were. 

But  a  regular  polygon  deferibed  upon  a  given  Jine 
ab  may  be  conftrudted  with  more  accuracy,  thus. 
See  Fig.  12,  13. 
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Make  an  angle  bap,  and  another  abp,  each  equal 
to  half  the  angle  of  the  required  polygon ;  on  the 
point  p,  where  the  lines  ap,  bp,  cut  one  another,  and 
with  the  radius  pa  defcribe  a  circle,  in  which  if  the 
given  line  ab  be  applied,  the  polygon  fought  will  be 
formed. 

SECT.  VII. 

Of  the  Plain  Scale . 

THE  lines  generally  drawn  on  the  plane  fcalc, 
are  thefe  following : 

Marked 


I. 

Lines  of  equal  parts. 

EP. 

II. 

-  Chords. 

Cho. 

III. 

* -  Rhumbs. 

Ru. 

IV. 

-  Sines. 

Sin. 

V. 

-  Tangents. 

Tan. 

VI. 

-  Secants. 

Sec. 

VII. 

• -  Half  Tangents. 

S.T. 

VIII. 

■ - -  Longitude. 

Lon. 

IX. 

-  Latitude. 

Lat. 

X. 

-  Hours. 

Ho. 

XI. 

- .  Inclinations. 

In.  Mer. 

Of  the  Lines  of  equal  Parts . 

II  N  E  S  of  equal  parts  are  of  two  forts,  viz, 
jl  limply  divided,  and  diagonally  divided.  PI.  V. 

1.  Simply  divided.  Draw  3  lines  parallel  to  one 
another,  at  unequal  diftances,  (Fig.  14.)  and  of  any 
convenient  length  •,  divide  this  length  into  what  num¬ 
ber  of  equal  parts  is  thought  necefiary,  allowing  fome 
certain  number  of  thefe  parts  to  an  inch,  fuch  as  2, 

2i,  3,  3i,  4,  4i>  &c.  which  divifions  diftinguilh  by 

1  lines  v 
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lines  drawn  acrofs  the  three  parallels.  Divide  the  left 
hand  divifion  into  10  equal  parts,  which  diftinguifh 
by  lines  drawn  acrofs  the  lower  parallels  only  -,  but, 
for  diftindtion  fake,  let  the  5th  divifion  be  fomewhat 
longer  than  the  others  :  and  it  may  not  be  inconve¬ 
nient  to  divide  the  fame  left-hand  divifion  into  12  equal 
parts,  which  are  laid  down  on  the  upper  parallel  line, 
having  the  3d,  6th,  and  9th  divifions  diftinguilhed  by 
longer  ftrokes  than  the  reft,  whereof  that  at  the  6th 
divifion  make  the  longcft. 

There  are,  for  the  molt  part,  feveral  of  thefe 
fimply  divided  fcales  put  on  rulers  one  above  the 
other,  with  numbers  on  the  left  hand,  fhewing  in 
each  fcale,  how  many  equal  parts  an  inch  is  divided 
into  *,  fuch  as  20,  25,  30,  35,  40,  45,  &c.  and  are 
feverally  ufed,  as  the  plan  to  be  exprefied  fhould  be 
larger  or  fmaller. 

The  ufe  of  thefe  lines  of  equal  parts,  is  to  lay  down 
any  line  exprefied  by  a  number  of  two  places  or  denor 
minations,  whether  decimally,  or  duodecimally  divid¬ 
ed  ;  as  leagues,  miles,  chains,  poles,  yards,  feet,  inches, 
&V.  and  their  tenth  parts,  or  twelfth  parts:  thus,  if  each 
of  the  divifions  be  reckoned  1,  as  1  league,  mile,  chain, 
then  each  of  the  fubdivifions  will  exprefs  part 
thereof-,  and  if  each  of  the  large  divifions  be  called 
10,  then  each  fmall  one  will  be  1  and  if  the  large 
divifions  be  100,  then  each  fmall  one  will  be  10,  &c. 

Therefore  to  lay  off  a  line  8  87,  or  870 

parts,  let  them  be  leagues,  miles,  chains,  &c, .  let  one 
point  of  the  compafles  on  the  8th  of  the  large  divi¬ 
fions,  counting  from  the  left  hand  towards  the  right, 
and  open  the  compafles,  till  the  other  point  falls  on 
the  7th  of  the  fmall  divifions,  counting  from  the  right 
hand  towards  the  left,  then  are  the  compafles  opened 
to  exprefs  a  line  of  3  TV>  87  or  870  leagues,  miles, 
jchains,  &c.  and  bears  fuch  proportion  in  the  plan,  as 
jhc  line  meafured  does  to  the  thing  reprefented. 

C  %  Bvf? 
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But  if  a  length  of  feet  and  inches  was  to  be  ex- 
preffed,  the  fame  large  divifions  may  reprefent  the 
feet,  but  the  inches  muft  be  taken  from  the  upper 
part  of  the  firft  divifion,  which  (as  before  noted)  is 
divided  into  i  2  equal  parts. 

Thus,  if  a  line  of  7  feet  5  inches  was  to  be  laid 
down  ;  let  one  point  of  the  compaffes  on  the  5th 
divifion  among  the  12,  counting  from  the  right  hand 
towards  the  left,  and  extend  the  other  to  7,  among 
the  large  divifions,  and  that  diftance  laid  down  in  the 
plan,  fhall  exprefs  a  line  of  7  feet  5  inches  :  and  the 
like  is  to  be  underftood  of  any  other  dimenfions. 

II.  Diagonally  divided.  Draw  eleven  lines  parallel 
to  each  other,  and  at  equal  diftances  •,  divide  the 
upper  ol  thefe  lines  into  fuch  a  number  of  equal 
parts,  as  the  fcale  to  be  expreffed  is  intended  to  con¬ 
tain,  and  from  each  of  thefe  divifions  draw  perpendi¬ 
culars  through  the  eleven  parallels,  (Fig.  15.)  fubdivide 
the  firft  ol  thefe  divifions  into  10  equal  parts,  both 
in  the  upper  and  lower  lines  •,  then  each  of  thefe  fub- 
divifions  may  be  alfo  fubdivided  into  10  equal  parts, 
by  drawing  diagonal  lines;  viz.  from  the  ioth  below, 
to  the  9th  above  ;  from  the  9th  below,  to  the  8th 
above ;  from  the  8th  below,  to  the  7th  above, 
&c.  till  from  the  ift  below  to  the  oth  above,  fo 
that  by  thefe  means  one  of  the  primary  divifions  on 
the  fcale,  will  be  divided  into  100  equal  parts. 

Ther  e  are  generally  two  diagonal  fcales  laid  on 
the  fame  plane  or  face  of  the  ruler,  one  being  com¬ 
monly  half  the  other.  (Fig.  15.) 

The  ufe  of  the  diagonal  fcale  is  much  the  fame 
with  the  Ample  fcale  *,  all  the  difference  is,  that  a  plan 
may  be  laid  down  more  accurately  by  it  :  becaufe  in 
this,  a  line  may  be  taken  of  three  denominations ; 
whereas  from  the  former,  only  two  could  be  taken. 

Now  from  this  conftrudtion  it  is  plain,  if  each  of 
the  primary  divifions  reprefent  1,  each  of  the  firft 
fubdiviftons  will  expiefs  TV  of  1  ;  and  each  of  the 
t  fecond 
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fecond  fubdivifions,  (which  are  taken  on  the  diagonal 
lines,  counting  from  the  top  downwards)  will  exprefs 
-jV  of  the  former  fubdivifions,  or  a  iooth  of  the  pri¬ 
mary  divifions  •,  and  if  each  of  the  primary  divifions 
exprefs  io,  then  each  of  the  firfi  fubdivifions  will  ex¬ 
prefs  i,  and  each  of  the  2d,  To  1  and  if  each  of  the 
primary  divifions  reprefent  100,  then  each  of  the  firfi 
fubdivifions  will  be  10  ;  and  each  of  the  2d  will  be  1, 
£*.  '  . 

Therefore  to  lay  down  a  line,  whofe  length  is 
exprefs’d  by  347,  34  To  or  3  To-V  whether  leagues, 
miles,  chains, 

On  the  diagonal  line,  joined  to  the  4th  of  the  firfi 
fubdivifions,  count  7  downwards,  reckoning  the  dif- 
tance  of  each  parallel  1  ;  there  fet  one  point  of  the 
compaffes,  and  extend  the  other,  till  it  falls  on  the 
interfe&ion  of  the  third  primary  divifion  with  the 
lame  parallel  in  which  the  other  Toot  reds,  and  the 
compaffes  will  then  be  opened  to  exprefs  a  line  of  347, 
34  To  ;  or  3  fcf*. 

Those  who  have  frequent  occafion  to  ufe  feales, 
perhaps  will  find,  that  a  ruler  with  the  20  following 
feales  on  it,  viz.  10  on  each  face,  will  fuit  more  pur- 
pofes  than  any  fet  of  fimply  divided  feales  hitherto 
made  public,  on  one  ruler. 

One  Side  }  The  divifions  (  10, 11,  12,  13'!,  15,  i6|,  18,  20,  22,  2£« 
Other  Side  )  to  an  inch  \  28,  32,  36,40,  45, 50,  60, 70, 85, 100. 

The  left  hand  primary  divifion,  to  be  divided  into 
10  and  1 2  and  8  parts ;  for  thefe  fubdivifions  are  of 
great  ufe  in  drawing  the  parts  of  a  fortrefs,  and  of  a  ' 
piece  of  cannon.  v 

It  will  here  be  convenient  to  fhew,  how  any  plan 
expreffed  by  right  lines  and  angles,  may  be  delineated 
by  the  feales  of  equal  parts,  arid  the  protractor. 
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PROBLEM  VIII. 

Three  adjacent  things  in  any  right  lined  triangle  being 
given ,  to  form  the  'plan  thereof. 

Exam.  Suppofe  a  triangular  field*  abc,  (Fig.  1 6.) 
the  fide  AB  —  32J  yards;  ac— 208  yards;  and  the 
angle  at  a= 44^  degrees. 

Construction.  Draw  a  line  ab  at  pleafure  ;  then 
from  the  diagonal  fcale  take  327  between  the  points 
of  the  compaffes,  and  lay  it  from  a  to  b  ;  fet  the 
center  of  the  protra&or  to  the  point  a,  lay  off  44f 
degrees,  and  by  that  mark  draw  ac  :  take  with  the 
compares  from  the  fame  fcale  208,  lay  it  from  a  to 
c,  and  join  cb  ;  fo  fhall  the  parts  of  the  triangle 
abc,  in  the  plan*  bear  the  fame  proportion  to  each 
other,  as  the  real  parts  in  the  field  do. 

The  fide  cb  may  be  meafured  on  the  fame  fcale 
from  which  the  fides  ab,  ac,  were  taken  :  and  the 
angles  at  b  and  c  may  be  meafured  by  applying  the 
protradfor  to  them  as  fhewn  at  problem  IV. 

If  two  angles  and  the  fide  contained  between  them  were 
given . 

Draw  a  line  to  exprefs  the  fide  ;  (as  before)  at  the 
ends  of  that  line,  point  off  the  angles,  as  obferved 
in  the  field  ;  lines  drawn  from  the  ends  of  the  given 
line  through  thofe  marks,  fhall  form  a  triangle  fimilar 
to  that  of  the  field. 

PROBLEM  IX, 

Five  adjacent  things ,  fides  and  angles ,  in  a  right 
Ihid  quadrilateral ,  being  given ,  to  lay  down  the  plan 
thereof*  Fig.  17;  . 


Exam. 
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Exam.  Given  Z-  *  a  =  70° ;  ab  =  215  links  ; 
Z.  b  =  1 15*  ;  bc  =  596  links ;  Z-  c  =  1 140. 

Construction.  Draw  ad  at  pleafure-,  from  a 
draw  ab,  fo  as  to  make  with  ad  an  angle  of  700 : 
make  ab=:2I5  (taken  from  the  fcales)  •,  from  b,  draw 
bc,  to  make  with  ab  an  angle  of  1 150 :  make  bc  = 
596  •,  from  c,  draw  cd,  to  make  with  cb  an  angle  of 
114%  and  by  the  interfedtion  of  cd  with  ad,  a  qua¬ 
drilateral  will  be  form’d  fimilar  to  the  figure  in  which 
fuch  meafures  could  be  taken  as  are  expicfled  in  the 
example. 

If  3  of  the  things  were  Tides,  the  plan  might  be 
formed  with  equal  eafe. 

Following  the  fame  method,  a  figure  of  many 
more  fides  may  be  delineated  *,  and  in  this  manner,  or 
fome  other  like  to  it,  do  fome  furveyors  make  their 
plans  of  furveys. 

‘The  ConfruBion  of  the  remaining  Lines  of  the 

Plain  Scale. 

Preparation.  Fig.  18.  PI.  VI. 

Describe  a  circumference  with  any  convenient  ra¬ 
dius,  and  draw  the  diameters  ab,  de,  at  right  angles 
to  each  other  ;  continue  ba  at  pleafure  towards  f  ; 
through  d,  draw  dg  parallel  to  bf  ;  and  draw  the 
chords  bd,  be,  ad,  ae.  Circumfcribe  the  circle  with 
the  fquare  hmn,  whofe  fides  hm,  mn,  (hall  be  parallel 

to  AB,  ED. 


*  This  mark  or  character  A,  fignifies  the  angle . 

This  mark  —  fignifies  equal  to. 

By  links,  is  meant  the  T-§-oth  part  of  a  chain  of  four  poles 
®r  of  66  yards  long. 

1  c  4 
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I.  2  0  conJlruB  the  Line  of  Chords 

Divide  the  arc  ad  into  90  equal  parts  •,  mark  thd 
ioth  divifions  with  the  figures  10,  20,  30,  40,  50* 
60,  70,  80,  90  ;  on  d,  as  a  center,  with  the  com¬ 
pares,  transfer  the  feveral  divifions  of  the  quadrantal 
arc,  to  the  chord  ad,  which  marked  with  the  figures 
correfponding,  will  become  a  line  of  chords. 

Note,  In  the  conftruftion  of  this,  and  the  following 
fcales,  only  the  primary  divifions  are  drawn  ;  the  in¬ 
termediate  ones  are  omitted,  that  the  figure  may  not 
appear  too  much  crouded. 

*  The  chord  of  an  arc,  is  a  right  line  drawn  from  one 
end  of  the  arc  to  the  other  end. 

II.  The  'Line  of  Rhumbs +. 

Divide  the  arc  be  into  8  equal  parts,  which  mark 
with  the  figures  1,  2,  3,  4,  5,  6,  7,  8  ;  and  divide 
each  of  thole  parrs  into  quarters  j  on  b,  as  a  center, 
transfer  the  divifions  of  the  arc  to  the  chord  be, 
which  marked  with  the  correfponding  figures,  will  be 
a  line  of  rhumbs. 

f  The  rhumbs  here,  are  the  chords  anfwering  to  the 
points  of  the  mariners  compafs,  which  are  32  in  the  whole 
Circle,  or  8  in  the  quarter  circle. 

III.  The  Line  of  Sines  p 

Through  each  of  the  divifions  of  the  arc  ad,  draw 
fight  lines  parallel  to  the  radius  ac  ;  and  cd  will  be 
divided  into  a  line  of  fines  which  are  to  be  numbered 

+  The  fine  of  an  arc ,  is  a  right  line  drawn  from  one 
end  of  an  arc  perpendicular  to  a  radius  drawn  to  the 
other  end. 

And  the  verfed  fine,  is  the  part  of  the  radius  lying  be¬ 
tween  the  arc  and  its  right  fine* 

i  from 
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rrbm  c  to  d  for  the  right  fines  *,  and  from  d  to  c  for 
the  verfed  fines.  The  verfed  fines  may  be  continued 
to  180  degrees  by  laying  the  divifions  of  the  radius 
cd,  from  c  to  e* 

IV.  The  Line  of  Tangents 

A  ruler  on  c,  and  the  feveral  divifions  of  the  arc 
ad,  will  interfedl  the  line  dg,  which  will  become  a 
line  of  tangents,  and  is  to  be  figured  from  d  to  g  with 
.20,  20,  30,  40,  &c* 

*  The  tangent  of  an  arc ,  is  a  right  line  touching  that 
arc  at  one  end,  and  terminated  by  a  fecant  drawn  through 
the  other  end. 

V.  The  Line  of  Secants  -J-. 

The  diflances  from  the  center  c  to  the  divifions  on 
the  line  of  tangents  being  transferred  to  the  line  af 
from  the  centre  c,  will  give  the  divifions  of  the  line 
of  fecants ;  which  mufl  be  numbered  from  a  towards 
f,  with  10,  20,  30,  &c, 

f  The  fecant  of  an  arc ,  is  a  right  line  drawn  from  the 
centre  through  one  end  of  an  arc,  and  limited  by  the  tan¬ 
gent  of  that  arCi 

VI.  The  Line  of  Half  Tangents  (or  the  Tangents 

of  half  the  Arcs). 

A  ruler  on  e,  and  the  feveral  divifions  of  the  arc 
ad,  will  interfed  the  radius  ca,  in  the  divifions  of 
the  femi,  or  half  tangents  *  mark  thefe  with  the  cor- 
refponding  figures  of  the  arc  ad. 

The  femi-tangents  on  the  plane  fcales  are  generally 
continued  as  far  as  the  length  of  the  ruler  they  are  laid 
on  will  admit  *,  the  divifions  beyond  90°  are  found  by 
dividing  the  arc  ae  like  the  arc  ad,  then  laying  a 
ruler  by  e  and  thefe  divifions  of  the  arc  ae,  the  divi¬ 
fions 
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lions  of  the  femi-tangents  above  90  degrees  will  be 
obtained  on  the  line  ca  continued. 

VII.  The  Line  of  Longitude „ 

Divide  ah,  into  60  equal  parts ;  through  each  of 
thefe  divifions,  parallels  to  the  radius  ac,  will  inter- 
fedt  the  arc  ae,  in  as  many  points ;  from  e  as  a  centre, 
the  divifions  of  the  arc  ea,  being  transferred  to  the 
chord  ea,  will  give  the  divifions  of  the  line  of  longi¬ 
tude. 

VIII.  The  Line  of  Latitude . 

A  ruler  on  a,  and  the  feveral  divifions  of  the 
fines  on  cd,  will  interfedt  the  arc  bd,  in  as  many 
points  ;  on  b  as  a  centre,  transfer  the  interfedtions 
of  the  arc  bd,  to  the  right  line  bd  *,  number  the  di¬ 
vifions  from  b  to  d,  with  10,  20,  30,  &c»  to  90  j  and 
bd  will  be  a  line  of  latitude. 

IX.  The  Line  of  Hours . 

Bisect  the  quadrantal  arcs  bd,  be,  in  a,  b  ;  divide 
the  quadrantal  arc  ab  into  6  equal  parts,  (which  gives 
1 5  degrees  for  each  hour)  and  each  of  thefe  into  4 
others  \  (which  will  give  the  quarters.)  A  ruler  on  c, 
and  the  feveral  divifions  of  the  arc  ab ,  will  interfedt 
the  line  mn  in  the  hour,  (5 V.  points,  which  are  to  be 
marked  as  in  the  figure. 

X.  The  Line  of  Inclinations  of  Meridians . 

Bisect  the  arc  ea  into  c ;  divide  the  quadrantal 
arc  be  into  90  equal  parts ;  lay  a  ruler  on  c  and  the 
feveral  divifions  of  the  arc  be ,  and  the  interfedlions  of 
the  line  hm  will  be  the  divifions  of  a  line  of  inclina¬ 
tions  of  meridians. 
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Sect.  VIII. 

*the  ufes  of  fome  of  the  Lines  on  the  Plain  Scale. 

I.  Of  the  Line  of  Chords .  Pi.  VI. 

On  e  of  the  ufes  of  the  line  of  chords  is  to  lay  down 
a  prcpofed  angle ,  or  to  meafure  an  angle  already  laid 
down.  Thus,  to  draw  a  line  ac,  that  (hall  make  with 
the  line  ab  an  angle  containing  a  given  number  of 
degrees,  (fuppofe  36.)  Figure  19.  , 

On  a,  as  a  centre,  with  a  radius  equal  to  the  chord 
of  60  degrees,  defcribe  the  arc  bc  ;  on  this  arc,  lay 
the  chord  of  the  given  number  of  degrees  from  the 
interfedlion  b,  to  c  j  draw  ac,  and  the  angle  bag  will 
contain  the  given  number  of  degrees. 

Note>  Degrees  taken  from  the  chords  are  always  to 
be  counted  from  the  beginning  of  the  fcale. 

Lhe  degrees  contained  in  an  angle  already  laid  down » 
may  be  meafured  thus.  Fig.  19. 

On  a  as  a  centre,  defcribe  an  arc  bc  with  the  chord 
of  60  degrees  ;  the  diftance  bc,  meafured  on  the 
chords,  will  give  the  number  of  degrees  contained  in 
the  angle  bac. 

If  the  number  of  degrees  are  more  than  90  they 
muft  be  taken  from,  or  meafured  by  the  chords,  at 
twice  ;  thus  if  140  degrees  were  to  be  protra&ed, 
700  may  be  taken  from  the  chords,  and  thofe  degrees 
laid  off  twice  upon  the  arc  defcribed  with  a  chord  of 
60  degrees. 

Note,  Degrees  are  generally  denoted  by  a  fmall  0  put 

over  them. 

II.  Of  the  Line  of  Rhumbs . 

Their  ufe  is  to  delineate  or  meafure  a  fhip’s  courfe  1 
which  is  the  angle  made  by  a  (hip’s  way  and  the  meri¬ 
dian.  Now 


$8  The  I)efcription  and  XJfe 

Now  having  the  points  and  .p  points  of  the  compafs 
contained  in  any  courie  ;  draw  a  line  ab  (fig.  19.)  for 
the  meridian  ;  on  a  as  a  centre,  with  a  chord  of  6o° 
defcribe  an  arc  rc  ;  take  the  number  of  points  and  ^ 
points  from  the  fcale  of  rhumbs,  counting  from  o, 
and  lay  this  diftance  on  the  arc  bc,  from  the  intcr- 
fedtion  b  to  c  •,  draw  ac,  and  the  angle  bac  fihall  re- 
prefent  the  fhip’s  courfe. 

III.  The  ufe  of  the  Line  of  Longitude . 

If  any  two  meridians  be  diftant  one  degree  or  60 
geographical  miles,  under  the  equator,  their  diftance 
will  be  lefs  than  60  miles  in  any  latitude  between  the 
equator  and  the  pole. 

Now  let  the  line  of  longitude  be  put  on  the  fcale 
clofe  to  the  line  of  chords,  but  inverted  ;  that  is,  let 
6o°  in  the  fcale  of  longitude  be  againft  o°  in  the 
chords,  and  o°  degrees  longitude  againft  900  chords. 
Then  mark  any  degree  of  latitude  counted  on  the 
chords ;  and  oppofite  thereto,  on  the  line  of  longitude, 
will  be  the  miles  contain’d  in  one  degree  of  longitude, 
in  that  latitude. 

Thus  57,95  miles,  make  1  degree  of  longitude  in 
the  latitude  of  15  degrees  ;  45,97  miles,  in  latitude 
40  degrees  *,  36,94  miies,  in  latitude  52  degrees  •,  30 
miles,  in  latitude  60  degrees,  (Sc. 

But  as  the  fractional  parts  are  not  very  obvious  on 
fcales,  here  follows  a  table  fhewing  the  miles  in  one 
degree  of  longitude  to  every  degree  of  latitude. 

This  table  is  computed,  upon  the  fuppofition  of 
the  earth  being  fpherical,  by  the  following  proportion. 

As  the  radius  is  to  the  cofine  of  any  latitude,  fo  is 
the  miles  of  longitude  under  the  equator  to  the  miles 
of  longitude  in  that  latitude. 

Every  perfon  who  is  defirous  of  acquiring  mathe¬ 
matical  knowledge,  fhould  have  a  table  of  the  loga¬ 
rithms  of  numbers,  fines,  tangents,  andfecants  •,  moft 

of 
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of  the  treatifes  of  navigation,  and  fomc  other  books, 
have  thefe  tables  •,  but  the  moft  ufeful  and  efteemed 
are  Sherwirf  s  mathematical  tables. 

A  TABLE,  Jhewing  the  Miles  in  one  Degree 
of  Longitude  to  every  Degree  of  Latitude. 


D.  L. 

Miles. 

« 

D.  L. 

Miles. 

D.  L 

Miles. 

1 

59*99 

3i 

5 1  >43 

61 

29,09 

2 

59>96 

32 

50,88 

62 

28,17 

3 

59*92 

33 

50,32 

63 

27,24 

4 

59.85 

34 

49*74 

64 

26,30 

5 

59*77 

35 

49> 1 5 

65 

25,35 

6 

59.67 

36 

48,54 

66 

24*4* 

7 

59.56 

37 

47’92 

67 

23*44 

8 

59*42 

38 

47,28 

68 

22,48 

9 

59,26 

39 

46,63 

69 

21,50 

10 

59>c9 

40 

45’97 

70 

20,52 

1 1 

58,89 

41 

45,28 

71 

1 9*  5  3 

12 

58,69 

42 

44*59 

72 

1 8,54 

13 

58,46 

43 

43,88 

73 

1 7*  3  4 

H 

58,22 

44 

43,16 

74 

16,54 

*5 

57*95 

45 

42=43 

75 

i5*53 

16 

57>67 

46 

4 1 ,68 

76 

14*52 

17 

57.3s 

47 

40,92 

77 

13,50 

18 

57,06 

48 

4°, 1 5 

7s 

12,48 

*9 

56.73 

49 

39,36 

79 

11,45 

20 

56,38 

5° 

38>37 

80 

10,42 

21 

56,02 

5 1 

37*76 

81 

Q*38 

22 

55,63 

52 

36*94 

82 

s>35 

23 

55>23 

53 

36,11 

83 

7*32 

24 

54,8 1 

54 

35*27 

84 

6,28 

25 

54,3s 

55 

34>4l 

s5 

5*23 

26 

53*93 

56 

33*55 

86 

4*18 

27 

53,46 

57 

32,68 

87 

3*H 

28 

52,96 

5s 

3 ‘*79 

88 

2,09 

29 

52*47 

59 

30*90 

89 

1,05 

30 

5I*96 

60 

30,00 

90 

C,00 

The 
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The  ufes  of  the  feales  of  fines,  tangents,  fecants, 
and  half  tangents,  are  to  find  the  poles  and  centers 
of  the  feveral  circles  reprefented  in  the  orthographical 
and  ftereographical  projection  of  the  fphere ;  which 
are  referved  until  the  explanation  and  ufe  of  the  lines 
of  the  fame  name  on  the  fedtor  are  (hewn. 

The  lines  of  latitudes,  hours,  and  inclinations 
of  meridians,  are  applicable  to  the  practice  of  dial¬ 
ing;  on  which  there  are  feveral  treatifes  extant, 
which  may  be  confulted. 


Sect.  IX. 
Of  the  Sector. 


ASedtor  is  a  figure  form’d  by  two  radius’s  of  a 
circle,  and  that  part  of  the  circumference  com¬ 
prehended  between  the  two  radius’s. 

The  inflrument  called  a  fedtor,  confifts  of  two 
rulers  moveable  round  an  axis  or  joint,  from  whence 
feveral  feales  are  drawn  on  the  faces  of  the  rulers. 

The  two  rulers  are  called  legs,  and  reprefent 
the  radii,  and  the  middle  of  the  joint  expreffes  the 
center. 

The  feales  generally  put  on,  fedtors,  may  be  diftin- 
guifhed  into  fingle,  and  double. 

The  fingle  feales  are  fuch  as  are  commonly  put 
on  plain  feales,  and  from  whence  dimenfions  or  di- 
llances  are  taken  as  have  been  already  diredted. 

The  double  feales  are  thofe  which  proceed  from 
the  center  ;  each  fcale  is  laid  twice  on  the  fame  face 
of  the  inflrument,  viz,  once  on  each  leg  :  From 
thefe  feales,  dimenfions  or  diflances  are  to  be  taken, 
when  the  legs  of  the  inflrument  are  in  an  angular 
pofition,  as  will  be  fhewn  hereafter. 

The 
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'fhe  Scales  commonly  put  on  the  bejl  Settlors,  are 


Single  < 


1 

2 

3 

4 

r 

5 

6 

7 

8 


9 

10 

1 1 

12 

*3 

IHJ 


a 

Hine^ 
of 


\ 

Inches,  each  Inch  divided  into  8  and  io  parts. 
Decimals,  containing  an  ioo  parts. 

Cho. 
Sin. 
Tang. 
Rum. 
Lat. 

>-«•{  S: 

In. Me 


Chords, 

Sines, 

Tangents, 

Rhumbs, 

Latitude, 

Hours, 

Longitude, 

Inclin.  Merid. 

the  Numbers, 
Loga-  f  Sines, 
rithms  fVerfed  Sines, 
of  J  Tangents, 


Num. 

Sin. 

V.Sin. 

Tan. 


Double  ^ 


1 

2 

3 


"Lines,  or  of  equal  parts. 
Chords. 

Sines. 


4  )dine«(  Tangents  to  45 ° 
of  Secants, 

Tangents  to  above  45 ' 
w  Polygons, 


5 

6 

7  J 


Lin. 
Cho. 
Sin. 

mark’d Tan. 

I  Sec. 

Tan. 

J  LPol. 


The  manner  in  which  thefe  fcales  are  difpofed  of 
on  the  fedtor,  is  belt  feen  in  the  plate  fronting  the 
title  page. 

The  fcales  of  lines,  chords,  fines,  tangents, 
rhumbs,  latitudes,  hours,  longitude,  inch  merid. 
may  be  ufed,  whether  the  inftrument  is  flhut  or 
open,  each  of  thefe  fcales  being  contained  on  one  of 
the  legs  only.  The  fcales  of  inches,  decimals,  log. 
numbers,  log.  fines,  log.  verfed  fines  and  log.  tan¬ 
gents,  are  to  be  ufed  with  the  fedtor  quite  opened, 
part  of  each  fcale  lying  on  both  legs. 

The  double  fcales  of  lines,  chords,  fines,  and 
lower  tangents,  or  tangents  under  45  degrees,  are  all 
of  the  fame  radius  or  length ;  they  begin  at  the 
center  of  the  inftrument,  and  are  terminated  near  the 
other  extremity  of  each  leg  *,  viz.  the  lines  at  the 

divifion 
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divifion  io,  the  chords  at  60,  the  fines  at  90,  and 
the  tangents  at  45  ;  the  remainder  of  the  tangents,  or 
thofe  above  450,  are  on  other  fcales  beginning  at  ~  of 
the  length  of  the  former,  counted  from  the  center, 
where  they  are  marked  with  45,  and  run  to  about  76 
degrees. 

The  fecants  alfo  begin  at  the  fame  diftance  from 
the  center,  where  they  are  marked  with  10,  and  are 
from  thence  continued  to  as  many  degrees  as  the 
length  of  the  fedtor  will  allow,  which  is  about  750. 

The  angles  made  by  the  double  fcales  of  lines, 
of  chords,  of  fines,  and  of  tangents  to  45  degrees, 
are  always  equal. 

And  the  angles  made  by  the  fcales  of  upper 
tangents,  and  of  fecants,  are  alfo  equal  ;  and  fome- 
times  thefe  angles  are  made  equal  to  thofe  made  by 
the  other  double  fcales. 

The  fcales  of  polygons  are  put  near  the  inner 
edge  of  the  legs,  their  beginning  is  not  fo  far  re¬ 
moved  from  the  center,  as  the  60  on  the  chords  is  : 
Where  thefe  fcales  begin,  they  are  mark’d  with  4, 
and  from  thence  are  figured  backwards,  or  towards 
the  center,  to  12. 

From  this  difpofition  of  the  double  fcales,  it  is 
plain,  that  thofe  angles  which  were  equal  to  each 
other,  while  the  legs  of  the  fedtor  were  clofe,  will 
ftill  continue  to  be  equal,  although  the  fedtor  be 
opened  to  any  diftance  it  will  admit  of. 


Sect, 
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Sect*  X. 

Of  the  ConfruSlion  of  the  Single  Scales. 

1  / 

I,  The  Scale  of  Inches . 

THIS  fcale,  which  is  laid  dole  to  the  edge  of 
the  fedor,  and  fometimes  on  the  edge,  con¬ 
tains  as  many  inches  as  the  inilrument  will  receive 
when  opened  :  Each  inch  is  ufually  divided  into  8 
equal  parts,  and  alfo  into  io  equal  parts. 

II.  The  Decimal  Scale. 

1  . 

This  fcale  lies  next  to  the  fcale  of  inches  ;  it  is 
of  the  fame  length  of  the  fedor  v/hen  opened,  and  is 
divided  into  10  equal  parts,  or  primary  divifions  ; 
and  each  of  thefe  into  10  other  equal  parts  ;  lo  that 
the  whole  is  divided  into  100  equal  parts.  And 
where  the  fedor  is  long  enough,  each  of  the  fubdivi- 
fions  is  divided  into  two,  four,  or  five  parts  *,  and 
by  this  decimal  fcale,  all  the  other  fcales,  that  are 
taken  from  tables,  may  be  laid  down. 

The  length  of  a  fedor  is  ufually  underftood  when 
it  is  (hut,  or  the  legs  clofed  together.  Thus  a  fedor 
of  fix  inches  when  fhut,  makes  a  ruler  of  twelve 
inches  when  opened,  and  a  foot  fedor,  is  two  feet 
long  when  quite  opened. 

III.  The  Scales  of  Chords ,  Rhumbs ,  Sines ,  Tan¬ 
gents.  Hours ,  Latitudes ,  Longitudes ,  and  In¬ 
clination  of  Meridians  ; 

Are  fuch  as  have  been  already  deferibed  in  the 
account  of  the  plane  fcale. 
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IV.  T?he  Scale  of  Logarithmic  Numbers . 

This  fcale,  commonly  called  the  artificial  num¬ 
bers,  and  by  fome  the  Gunter’s  fcale,  or  Gunter’s *  * 
line,  is  a  fcale  expreffing  the  logarithms  of  common 
numbers,  taken  in  "their  natural  order.  To  lay  down 
the  divifions  in  the  belt  manner,  there  is  necefiary  a 
good  table  of  logarithms,  (fuppofe  Sherwin’s ,)  and 
a  fcale  of  equal  parts,  accurately  divided,  and  of 
fuch  a  length,  that  20  of  the  primary  divifions  fhall 
make  the  whole  length  of  the  intended  fcale  of  num¬ 
bers,  or  logarithm  fcale. 

Lhe  Cotifiruciion. 

4 

1.  From  the  fcale  of  equal  parts,  take  the  firfl 
10  of  the  primary  divifions,  and  lay  this  diflance 
down  twice  on  the  log.  fcale,  making  two  equal  in¬ 
tervals  ;  marking  the  firfl  point  1,  the  fecond  1,  (or 
rather  10)  and  the  third  10,  (or  rather  100.) 

2.  From  the  fcale  of  equal  parts,  take  the  di- 
flances  expreffed  by  the  legs,  of  the  numbers,  2,  3, 
4,  5,  6,  7,  8,  9,  refpedtively,  (rejecting  the  in¬ 
dices  :)  lay  thefe  diflances  on  each  interval  of  the  log. 
fcale,  between  the  marks  1  oc  10,  30  &  100,  reckon¬ 
ing  each  di fiance  from  the  beginning  of  its  interval, 
viz.  from  1,  and  from  10,  and  mark  thefe  difiances 
with  the  figures  2,  3,  4,  5,  6,  7,  8,  9,  in  order. 

T  hus  the  firfl  three  figures  of  the  logarithms  of 
2,  3,  4,  5,  6,  7,  8,  9,  are,  301,  477,  602,  699, 
778,  845,  903,  954;  thefe  are  the  numbers  that 
are  to  be  taken  from  the  fcale  of  equal  parts,  and  laid 


v  t 

*T  From  Mr.  Edmund  Gunter ,  the  Inventor  :  Aftrono 
my-ProfefTor  in  Grejbam  College,  Anno  1624. 
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down  in  each  interval,  obfervino;  that  the  extent  for 
each  is  to  be  applied  from  the  beginning  of  the  in¬ 
tervals. 

3.  The  diftances  exprefting  the  logs,  of  the 
numbers  between  10  &  20,  20  &  30,  30  &  40, 
40  &  50,  50  &  60,  60  &  70,  70  &  80,  80  &  90, 
90  &  100,  (rejecting  the  indices)  are  alfo  to  betaken 
from  the  fcale  of  equal  parts,  and  laid  on  the  log. 
fcale,  in  each  of  the  primary  intervals,  between  the 
marks  1  &  2,  2  &  3*  3  &  4,  4 '&  5,  5  &  6,  6  & 
7,  7  &  8,  8  &  9,  9  &  10^  refpedtively  •,  reckoning 
each  diftance  from  the  beginning  of  its  refpeftive 
primary  interval. 

4.  The  laft  fubdivifions  of  the  fecoftd  primary 
interval  are  to  be  divided  into  others,  as  many  as  the 
fcale  will  admit  of,  which  is  done  by  laying  down  the 
logarithms  of  fuch  intermediate  divifions,  as  it  fhall 
be  thought  proper  to  introduce. 

V.  The  Scale  of  Logarithm  Sines, 

1.  From  the  fcale  of  equal  parts,  take  the  diftances 
exprefifed  by  the  arithmetical  complements  *  of  the 
logarithmic  fines,  (or  the  fecants  of  the  complements) 
of  80,  70,  60,  50,  40,  30,  20,  10,  degrees  re- 
fpedtively  5  rejecting  the  indices  •,  and  thefe  diftances, 
lay  on  the  fcale  of  log.  fines,  reckoning  each  from  the 
mark  intended  to  exprefs  90  degrees. 

Th  us.  To  the  fines  of  8oe*  70°,  6o°,  50°,  40°,  30% 
20°,  io°,  the  three  firft  figures  of  the  arithmetical 
complements  of  their  logarithms,  are,  007,  026, 
063,  IJ5>  192,  301,  466,  7^0;  thefe  are  the  num¬ 
bers  to  be  taken  from  the  fcale  of  equal  parts,  ufed  for 


*  By  the  arithmetical  complement  of  any  fine,  tangent, 
Isfc.  is  meant  the  remainder,  when  that  fine,  tangent,  is 
fubftradted  from  radius,  or  10.000000,  bk. 
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laying  down  the  logarithms  of  numbers,  and  every 
extent  of  the  compafies  is  to  be  laid  from  the  right 
hand  towards  the  left,  beginning  at  the  point  chole 
for  900,  which  ufually  ftands  directly  under  the  end 
of  the  line  of  numbers. 

2.  In  the  fame  manner,  lay  off  the  degrees  under 
10 ;  and  alfo,  the  degrees  intermediate  to  thofe  of 
10,  20,  30,  &c. 

3.  Lay  down  as  many  of  the  multiples  of  5  mi¬ 
nutes,  as  may  conveniently  fall  within  the  limits  of 
thofe  degrees  which  will  admit  of  fuch  fubdivifions  of 
minutes. 

VI.  The  Scale  of  Logarithmic  Tangents . 

1.  This  fcale,  as  far  as  45  degrees,  is  conftrucled, 
in  every  particular,  like  that  of  the  log.  fines ;  ufing 
the  arithmetical  complements  of  the  log.  tangents. 

2.  The  degrees  above  45,  are  to  be  counted  back¬ 
wards  on  the  fcale:  Thus  40  on  the  fcale,  reprefents 
both  40  degrees,  and  50  degrees ;  30  on  the  fcale,  re¬ 
prefents  both  30  degrees,  and  60  degrees  •,  and  the 
like  of  the  other  mark’d  degrees,  and  alfo  of  their 
intermediate  ones. 

VII.  The  Logarithmic  verfed  Sines . 

1.  From  the  fcale  of  equal  parts,  take  the  arith¬ 
metical  complements  of  the  logarithm  co- fines,  (or 
the  fecants  of  the  complements)  of  5,  10,  15,  20,  25, 
30,  35,  40,  &c.  degrees;  (rejecting  the  indices,)  and 
the  double  of  thefe  distances,  refpedively,  laid  on  the 
fcale  (intended)  for  the  log.  verfed  fines,  will  give  the 
divifions  expreffing  10,  20,  30,  40,  50,  60,  70,  80, 
&c.  degrees ;  to  as  many  as  the  length  of  the  fcale 
will  take  in. 

2.  Between  every  diltance  of  10  degrees,  intro¬ 

duce  as  many  degrees,  ~  degrees  ;  4  degrees  j  de¬ 
grees,  <y<:.  as  the  intervals  will  admit.  Thb 
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The  fcales  of  the  logarithms  of  numbers,  fines, 
verfed  fines,  and  tangents,  Ihould  have  one  common 
termination  to  one  end  of  each  fcale  *, 'that  is,  the  10 
on  the  numbers,  the  90  on  the  fines,  the  o  on  the 
verfed  fines,  and  the  45  on  the  tangents,  fhould  be 
oppofite  to  each  other  :  The  other  end  of  each  of  the 
fcaies  of  fines,  verfed  fines,  and  tangents,  will  run  out 
beyond  the  beginning  (mark’d  1)  of  the  numbers; 
nearly  oppofite  to  which,  will  be  the  divifions  repre- 
fenting  35  minutes  on  the  fines  and  tangents,  and 
1 684-  degrees,  on  the  verfed  fines. 


Sect.  XI. 

Of  the  Confer  uEi  ion  of  the  Double  Scales . 

I.  Of  the  Line  of  Lines . 

THIS  is  only  a  fcale  of  equal  parts,  whole  length 
is  adapted  to  that  of  the  legs  of  the  fector  : 
Thus  in  the  fix  inch  fedtor,  the  length  is  about  54 
inches. 

The  length  of  this  fcale  is  divided  into  10  primary 
divifions  •,  each  of  thefe  into  10  equal  fecondary  parts ; 
and  each  fecondary  divifion,  into  4  equal  parts. 

Hence  on  any  fedlor  it  will  be  eafy  to  try  if  this 
line  is  accurately  divided  :  Thus.  Take  between  the 
compafies  any  number  of  equal  parts  from  this  line, 
and  apply  that  diftance  to  all  the  parts  of  the  line  *, 
and  if  the  fame  number  of  divifions  are  contained  be¬ 
tween  the  points  of  the  compafies  in  every  applicati¬ 
on,  the  fcale  may  be  received  as  perfedt. 
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II.  Of  the  Line  of  Sines . 

1.  Make  the  whole  length  of  this  fcale,  equal  to 
that  of  the  line  of  lines. 

2.  From  the  fcale  of  the  line  of  lines,  take  off  fe- 
verally,  the  parts  expreffed  by  the  numbers  in  the 
tables  (fuppofe  Sberwin* s)  of  the  natural  fines,  corre- 
fponding  to  the  degrees,  or  to  the  degrees  and  mi¬ 
nutes,  intended  to  be  laid  on  the  fcale. 

3.  Lay  down  thefe  diftances  feverally  on  the  fcale, 
beginning  from  the  center-,  and  this  will  exprefs  a 
fcale  pf  natural  fines. 

Exam,  tfo  lay  down  350  15'j  whofe  natural  fine 
found  in  the  tables  is  57714,  &c» 

Take  this  number  as  accurately  as  may  be,  from 
the  line  of  lines,  counting  from  the  center ;  and  this 
diftance  will  reach  from  the  beginning  of  the  fines,  at 
the  center  of  the  inftruroent,  to  the  divifion  exprefting 
350  15';  and  fo  of  the  reft. 

In  fcales  of  this  length,  it  is  cuftomary  to  lay  down 
divifions,  expreffing  every  15  minutes,  from  o  de- 
.  grees  to  60  degrees  ;  between  60  and  80  degrees, 
every  half  degree  is  exprefted  then  every  degree  to 
85  ;  and  the  next,  is  90  degtees. 

III.  Of  the  Scale  of  Tangents. 

The  length  of  this  fcale  is  equal  to  that  of  the  line 
of  lines,  and  the  feveral  divifions  thereon  (to  45  de¬ 
grees)  are  laid  down  from  the  tables  and  line  of  lines, 
in  the  fame  manner  as  has  been  defcribed  in  the 
fines  j  obferving  tQ  ufe  the  natural  tangents  in  the 
tables. 
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IV.  Of  the  Scale  of  upper  Tangents . 

This  fcale  is  to  be  laid  down,  by  taking  ~  of  fuch 
of  the  natural  tabular  tangents  above  45  degrees,  as 
are  intended  to  be  put  on  the  fcale. 

Although  the  pofition  of  this  fcale  on  the  fedlor 
refpe<5ts  the  center  of  the  inftrument,  yet  its  begin¬ 
ning,  at  45  degrees,  is  diftant  from  the  center,  A  of 
the  length  or  radius  of  the  lower  tangents. 

V.  Of  the  Scale  of  Secants . 

The  diftance  of  the  beginning  of  this  fcale,  from 
the  center,  and  the  manner  of  laying  it  down,  is  juft 
the  fame  as  that  of  the  upper  tangents  ;  only  in  this, 
the  tabular  fecants  are  to  be  ufed. 

VI.  Of  the  Scale  of  Chords, 

1.  Make  the  length  of  this  fcale,  equal  to  that  of 
the  fines;  and  let  the  divifions  to  be  laid  down,  ex- 
prefs  every  15  minutes  from  o  degrees  to  60  de¬ 
grees. 

2.  Take  the  length  of  the  fine  of  half  the  degrees 
and  minutes,  for  every  divifion  to  be  laid  down,  (as 
before  directed  in  the  fcale  of  fines  •,)  and  twice  this 
length,  counted  from  the  center,  will  give  the  divifi¬ 
ons  required. 

Thus,  twice  the  length  of  the  fine  1  S°  1 5',  will 
give  the  chord  of  36°  30' j  and  in  the  fame  manner 
for  the  reft. 

,  \ 

VII.  Of  the  Scale  of  Polygons, 

This  fcale  ufually  takes  in  the  fides  of  the  poly¬ 
gons  from  6  to  12  fides  inclufive :  The  divifions  are 
laid  down,  by  taking  the  lengths  of  the  chords  of 
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the  angles  at  the  center  of  each  polygon  *,  and  thefe 
diftances  are  laid  from  the  center  of  the  inflrument. 

But  it  is  belt  to  have  the  polygons  of  4  and  5  fides 
alfo  introduced  ;  and  then  this  line  is  conftrudted  from 
a  fcale  of  chords,  where  the  length  of  90  degrees  is 
equal  to  that  of  60  degrees  of  the  double  fcale  of 
chords  on  the  fedtor. 

In  the  place  of  fome  of  the  double  feales  here  de- 
feribed,  there  are  found  other  feales  on  the  old  fedtors, 
and  alfo  on  fome  of  the  modern  French  ones,  fuch 
as,  feales  of  fuperficies,  of  folids,  of  inferibed  bodies, 
of  metals,  &c.  But  thefe  feem  to  be  juffly  left  out 
on  the  fedfors,  as  now  conftrudted,  to  make  room  for 
others  of  more  general  ufe  :  However,  thefe  feales, 
and  fome  others,  of  ufe  in  gunnery,  fhall  hereafter 
be  deferibed  in  a  tract  on  the  ufe  of  the  gunners 
callipers. 


Sect.  XII. 


Of  the  Ufes  of  the  Double  Scale. 

IN  the  following  account  of  the  ufes,  as  there  will 
frequently  occur  the  terms  lateral  difiance ,  and 
tranfverfe  diftance  ;  it  will  be  proper  to  explain  what 
is  meant  by  thole  terms. 

Lateral  diftance ,  is  a  diftance  taken  by  the  compalfes 
on  one  of  the  feales  only,  beginning  at  the  center  of 
the  fedtor. 

Franfverfe  difiance ,  is  the  diftance  taken  between 
any  two  correfponding  divifions  of  the  feales  of  the 
fame  name,  the  legs  of  the  fedtor  being  in  an  an¬ 
gular  pofition  :  That  is,  one  foot  of  the  compares  is 
fet  on  a  divifion  in  a  fcale  on  one  leg  of  the  fedtor, 
and  the  other  foot  is  extended  to  the  like  divifion  in 
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•  the  fcale  of  the  fame  name  on  the  other  leg  of  the 
fedtor. 

It  muft  be  obferved,  that  each  of  the  fedtoral  feales 
have  three  parallel  lines,  acrofs  which  the  divifions  of 
the  fcale  are  marked  :  Now  in  taking  tranlverfe  dis¬ 
tances,  the  points  of  the  compares  mull:  be  always  fet 
on  the  infide  line,  or  that  line  next  the  inner  edge  of 
the  leg  ♦,  for  this  line  only  in  each  fcale  runs  to  the 
center. 

Some  Ufes  of  the  Line  oj  Lines. 

PROBLEM  X. 

Lo  two  given  lines  AB  =  2,  BC  =  6 ;  to  find  a  third 
proportional.  Plate  VI.  Fig.  20. 

Operation,  i.  Take  between  the  compafies,  the 
lateral  diitance  of  the  fecond  term,  (viz.  6.) 

2.  Set  one  point  on  the  divifion  expreffing  the 
firft  term  (viz.  2.)  on  one  leg,  and  open  the  legs  of 
the  fedtor  till  the  other  point  will  fall  on  the  corre- 
fponding  divifion  on  the  other  leg. 

3.  Keep  the  legs  of  the  fedtor  in  this  pofition  ; 
take  the  tranfverfe  diftance  of  the  fecond  term,  (viz. 
6.)  and  this  diftance  is  the  third  term  required. 

4.  This  diftance  meafured  laterally,  beginning 
from  the  center,  will  give  (18)  the  number  exprefs- 
ing  the  meafure  of  the  third  term:  For  2  :  6  ::  6  :  18. 

Or,  Take  the  diftance  2  laterally,  and  apply  it 
tranfverfely  to  6  and  6  (the  fedtor  being  properly 
opened),  then  the  tranfverfe  diftance  at  2  and  2  being 
taken  with  the  compafies  and  applied  laterally  from 
the  center  of  the  fedtor  on  the  fcale  of  lines,  will  give 
,664  —  4-7  the  third  term  when  the  proportion  is 
decreafing :  For  6  :  2  : :  2  : 

Note ,  If  the  legs  of  the  fedtor  will  not  open  fo  far 
as  to  let  the  lateral  diftance  of  the  fecond  term  fall 
between  the  diyifions  exprefting  the  firft  term  j  then 

take 
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take  f,  f,  or  any  aliquot  part  of  the  fecond  term, 
(fuch  as  will  conveniently  fall  within  the  opening  of  the 
fe&or)  and  make  fuch  part,  the  tranfverfe  diftance  of 
the  fir  ft  term ;  then  if  the  tranfverfe  diftance  of  the 
fecond  term  be  multiplied  by  the  denominator  of  the 
part  taken  of  the  fecond  term,  the  product  will  give 
the  third  term. 

,  P  R  O  B  L  E  M  XI. 

To  three  given  lines  AB  ™  3,  BC  =  7,  CD  =  10  ; 
to  find  a  fourth  proportional.  Plate  VI.  Fig.  21. 

Operation.  Open  the  legs  of  the  fedfor,  until  the 
tranfverfe  diftance  of  the  fir  ft  term,  (3)  be  equal  to 
the  lateral  diftance  of  the  fecond  term,  (7)  or  to  feme 
part  thereof ;  then  will  the  tranfverfe  diftance  of  the 
third  term,  (10)  give  the  fourth  term,  (237)  required  ; 
or,  fuch  a  fubmultiple  thereof  as  was  taken  of  the 
fecond  term  :  For  3  :  7  ::  10  :  237 

Or,  Set  the  lateral  diftance  7  tranfverfely  from  10 
to  10  (opening  the  fedlor  properly);  then  the  tranf¬ 
verfe  diftance  at  3  and  3  taken  and  applied  laterally, 
will  give  2 Vo  •*  For  10  :  7  ::  3  :  2TXo-- 

From  this  problem  is  readily  deduced,  hew  to  in- 
creafe  or  diminifh  a  given  line,  in  any  afiigned  pro¬ 
portion. 

Exam.  To  diminifh  a  line  of  4  inches ,  in  the  pro - 
portion  of  8  to  7. 

1.  Open  the  fedtor  until  the  tranfverfe  diftance  of 
8  and  8,  be  equal  to  the  lateral  difiance  of  7. 

2.  Mark  the  point  to  where  4  inches  will  reach, 
as  a  lateral  diftance  taken  from  the  center. 

3.  The  tranfverfe  diftance,  taken  at  that  point,  will 
be  the  line  required. 

If  the  given  line,  fuppofe  12  inches,  fhouid  be  too 
long  for  the  legs  of  the  fedtor,  take  f,  or  f,  or 
t sv.  part  of  the  given  line  for  the  lateral  diftance; 
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and  the  correfponding  tranfverfe  diftance,  taken  twice, 
or  thrice,  or  four  times,  &c,  will  be  the  line  required. 

PROBLEM  XII. 

0  open  the  Jett  or  Jo,  that  the  two  fcales  of  lines  Jhall 
make  a  right  angle. 

Operation.  Take  the  lateral  diftance  from  the 
center  to  the  divifion  marked  5  between  the  points  of 
the  compaftes,  and  fet  one  foot  on  the  divifion  mark¬ 
ed  4  on  one  of  the  fcales  of  lines,  and  open  the  legs 
of  the  fecftor  till  the  other  foot  falls  on  the  divifion 
marked  3  on  the  other  fcale  of  lines,  and  then  will 
thofe  fcales  ftand  at  right  angles  to  one  another. 

For  the  lines  3,  4,  5,  or  any  of  their  multiples, 
conftitute  a  right  angle  triangle. 


PROBLEM  XIII. 

T 0  two  right  lines  given ,  to  find  a  mean  proportional 
Suppofe  the  lines  40  and  90. 

Operation,  ift.  Set  the  two  fcales  of  lines  at  right 
angles  to  one  another. 

2d.  Find  the  half  fum  of  the  given  lines  (= 

=  65)  ♦,  alfo  find  the  half  difference  of  thofe  lines 

3d.  Take,  with  the  compaftes,  the  lateral  diftance 
of  the  half  fum  (65),  and  apply  one  foot  to  the  half 
difference  (25),  the  other  foot  tranfverfely  will  reach 
to  (60)  the  mean  proportional  required  :  For  40  :  60 

60  :  90. 
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PROBLEM  XIV. 

To  divide  a  given  line  into  any  propofed  number  of 
equal  parts  :  (fuppcfe  9). 

Make  the  length  of  the  given  line,  or  fome  known 
part  thereof,  a  tranfverfe  diftance  to  9  and  9  :  Then 
will  the  tranfverfe  diftance  of  1  and  1 ,  be  the  f  part 
thereof ;  or  fuch  a  fubmultiple  of  the  f  part,  as  was 
taken  of  the  given  line. 

Or  the  f  part,  will  be  the  difference  between  the 
given  line,  and  the  tranfverfe  diftance  of  8  and  8. 

The  latter  of  thefe  methods  is  to  be  preferred  when 
the  part  required  falls  near  the  center  of  the  inftru- 
ment. 

To  this  problem  may  be  referred  the  method  of  making 
a  fcale  of  a  given  length ,  to  contain  a  given  number  of 
equal  parts. 

The  practice  of  this  is  very  ufeful  to  thofe  who  have 
■occafion  to  take  copies  of  furveys  of  lands ;  draughts 
of  buildings,  whether  civil  or  military •,  and  in  every 
other  cafe,  where  drawings  are  to  be  made  to  bear 
a  given  proportion  to  the  things  they  reprefent. 

Exam.  Suppcfe  the  fcale  to  the  map  of  a  purvey  is 
6  inches  long ,  and  contains  1 40  poles  \  required  to  open 
the  fedlor  fo ,  that  a  correfponding  fcale  may  be  taken 
from  the  line  of  lines. 

Solution.  Make  the  tranfverfe  diftance  7  and  7 
(or  70  and  70,  viz.  equal  to  three  inches  (= 
and  this  pofition  of  the  line  of  lines  will  produce  the 
given  fcale. 

If  it  was  required  to  make  a  fcale  of  140  poles ,  and 
to  be  only  two  inches  long . 

Solution.  Make  the  tranfverfe  diftance  of  7  and  7 
equal  to  one  inch,  and  the  fcale  is  made. 
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Exam.  II.  To  make  a  fcale  of  7  inches  long  contain 
180  fathoms. 

Solution.  Make  the  tranfverfe  diftance  of  9  and 
9  equal  to  37  inches,  and  the  fcale  is  made. 

Exam.  III.  To  make  a  fcale  which  Jhall  exprefs  286 
yards ,  and  be  18  inches  long . 

Solution.  Make  the  7  of  18  inches  (or  6  inches) 
a  tranfverfe  diftance  to  the  7  of  286  (=  957)  and 
the  fcale  is  made. 

Or,  Make  the  f  of  18  inches  (=  4f  inches)  a 
tranfverfe  diftance  to  7  of  286  (z=  717),  and  the  fcale 
is  made. 

Exam.  IV.  To  divide  a  given  line  ( fuppofe  of  5  inches') 
into  any  affigned proportion  (as  of  4  to  5). 

Solution.  Take  (5  inches)  the  length  of  the  given 
line,  between  the  compafles,  and  make  this  a  tranf¬ 
verfe  diftance  to  (9  and  9)  the  fum  of  the  propofed 
parts;  then  the  tranfverfe  diftances  of  the  affigned 
numbers  (4  and  5)  will  be  the  parts  required. 

1 

PROBLEM  XV. 

The  ufe  of  the  line  of  lines  in  drawing  the  orders  of 
Civil  Architecture. 

In  this  place  it  is  intended  to  give  fo  much  of  Ar¬ 
chitecture  as  may  enable  a  beginner  to  draw  any  one 
of  the  orders ;  but  that  the  following  precepts  may 
be  rightly  underftood,  it  will  be  proper  to  explain  a 
few  of  the  terms. 

Definitions. 

1.  Architecture  is  the  art  of  building  well  ^ 
and  has  for  its  obiedl  the  Convenience,  Strength,  and 
Beauty  of  the  building. 
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2.  Order  in  Architecture,  is  generally  underftood 
as  Ornament,  and  confifts  of  three  grand  parts, 
namely  ;  - 

3.  The  Entablature,  which  reprefents,  or  is, 
the  weight  to  be  lupported. 

4.  The  Column,  that  which  fupports  any  weight. 

5.  The  Pedestal  or  foot  whereon  the  Column  is 
fet  for  its  better  fecurity. 

Each  of  thefe  parts  confifts  alfo  of  three  parts. 

6.  The  Pedeftal  is  compofed  of  a  Base,  or  lower 
part,  a  Die,  and  a  Cornice,  or  upper  part. 

7.  The  Column  is  made  up  of  a  Base,  a  Shaft, 
which  is  a  middle  part,  and  a  Capital,  the  upper 
part. 

8.  The  Entablature  confifts  of  an  Architrave, 
or  lower  part,  a  Freeze,  the  middle  part,  and  a 
Cornice,  the  upper  part. 

So  that  an  Order  may  be  faid  to  confift  of  nine  large 
parts,  each  of  which  is  made  up  of  fmaller  parts 
called  M embers  i  whereof  fome  are  Plane ,  fome  Cur - 
ved,  either  convex  or  concave,  or  convexo-concave. 

Plane  members  of  different  magnitude  have  dif¬ 
ferent  names. 

9.  A  Fillet  or  lift  is  the  lead:  plane  or  fiat  mem¬ 
ber. 

10.  A  Plinth  is  that  flat  member  at  the  bottom 
of  the  Pedeftal,  or  of  the  bafe  of  the  Column. 

1 1.  A  Plateband,  that  at  the  top  of  the  Pedeftal, 
or  the  upper  member  of  the  Architrave  in  the  En¬ 
tablature. 

12.  An  Abacus,  that  at  the  top  of  the  capital. 

13.  The  Facial  or  faces  are  flat  members  in  the 
Architrave. 

14.  The  Corona  is  a  large  flat  member  in  the 
Cornice. 

The  Convex  members  are, 

15.  An  Astragal  of  a  fmall  femicircular  con¬ 
vexity. 

16.  The- 
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16.  A  Fusarole  when  an  Aftragal  is  cut  into  parts 
like  beads. 

17.  A  Torus  a  large  femicircular  convexity. 

18.  An  Ovola  nearly  of  a  quadrantal  convexity. 

The  Concave  members  are, 

19.,  A  Cavetto  nearly  of  a  quadrantal  concavity. 

20.  A  Scotie  of  a  concavity  nearly  femicircular. 

The  Convexo-Concave  members  are  a  Cymaife 

and  a  Cima. 

21.  A  Cymaise  or  Ove,  that  whofe  convex  part 
projects  moft  •,  and  by  workmen  is  ufually  called  an 
Ogee. 

22.  A  Cima  that  whofe  concave  part  projects  moll. 

23.  Soffit  is  the  under  part  of  the  Crown  of  an 
Arch,  or  of  the  Corona  of  an  Entablature. 

24.  Trigliphs  (i.  e.  three  channels)  is  an  Orna¬ 
ment  in  the  Freeze  of  the  Done  Order. 

25.  Metops  ( i .  e.  between  three’s)  is  the  {pace  of 
the  Freeze  between  two  Trigliphs. 

26.  Modi  lions,  or  Mutulf.s,  are  the  brackets 
or  ends  of  beams  fupporting  the  Corona.  In  the 
Corinthian  Order  they  are  generally  carved  into  a 
kind  of  Scrol. 

27.  Dent  els  are  an  Ornament  looking  fomewhat 
like  a  row  of  teeth  ;  and  are  placed  in  the  Cornice  ot 
the  Entablature. 

It  is  cuftomary  among  Architects  to  eftimate  the 
heights  and  projections  of  all  the  parts  of  every  order 
by  the  diameter  of  the  column  at  the  bottom  of  the 
{haft,  which .  they  call  a  module  ;  and  fuppofe  it  to 
conlift  of  60  equal  parts,  which  are  called  minutes. 

Of  the  Tuscan  Order. 

This  order,  which  fome  writers  liken  to  a  flrong 
robuft  labouring  man,  is  the  molt  fimple  and  una¬ 
dorned  of  any  of  the  orders :  The  places  moft  re¬ 
commended  to  ufe  it  in,  are  country  farm-houfes, 

{tables. 
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ftables,  gateways  to  inns,  and  places  where  plainnefi 
and  ftrength  are  reckoned  moft  neceffary  :  Though 
there  are  inftances  where  this  order  has  been  applied 
to  buildings  of  a  more  public  and  elegant  nature. 

The  general  proportions  afiigned  by  Palladio . 

1.  Height  of  the  column  equal  to  feven  diame¬ 
ters,  or  modules. 

2.  H  eight  of  the  entablature  equal  to  one  fourth 
of  the  column,  wanting  half  a  minute. 

3.  Height  of  the  pedeftal  equal  to  one  module. 

4.  The  capital  and  bafe,  each  half  a  module. 

5.  Breadth  of  the  bafe  on  a  level  is  if  module. 

6.  Breadth  of  the  capital  equal  to  one  module. 

7.  Diminishing  of  the  column  is  f  module. 

8.  Projection  of  the  beams  fupporting  the  eaves 
is  modules. 

9.  In  colonades,  the  diftance  of  the  columns  in  the 
clear  is  4  modules. 

10.  In  arches,  and  the  columns  fet  on  pedeftals, 
The  diftance  of  the  columns  from  middle  to 

middle  is  modules. 

Height  of  the  arch  is  7-}  modules. 

Breadth  of  the  pilafter  between  the  column  and 
paflage  is  26  minutes. 

The  ovolo  under  the  corona,  in  the  cornice  of  the 
entablature,  is  commonly  continued  within  the  coro¬ 
na,  giving  ft  a  reverfe  bending  in  the  foffit,  fomething 
like  a  cyma. 

Of  the  Doric  Order. 

This  order,  fuppofed  to  be  invented  by  Borns  a 
king  of  Achaia^  may  be  likened  to  a  well  limbed  gen¬ 
teel  man ;  and  although  of  a  bold  afpebt,  yet  not  fo 
fturdy  and  rufticly  clad  as  the  Tufcan.  Architebts 
place  this  order  indifferently  in  towns :  But  when  they 
would  decorate  a  country  feat  with  it,  the  open  cham¬ 
paign  fit  nation  feems  beft  for  the  reception  of  the 

Doric 
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Doric  order  *,  notwithftanding  which,  there  are  many 
fine  buildings  of  this  order  in  other  fituations,  where 
they  have  a  very  pleafing  effect. 

The  following  general  proportions  are  given  by 
Palladio , 

1.  Height  of  the  column  from  7-f  to  8,  and  8^ 
modules. 

2.  Height  of  the  entablature  is  one  fourth  of  the 
column. 

3.  Height  of  the  pedeltal  equal  to  2f  modules. 

4.  The  Attic  bafe  is  ufed  with  this  order,  it  i$ 
half  a  module  in  height,  and  fo  is  the  capital. 

5.  Breadth  of  the  column’s  bafe  is  module. 

6.  Breadth  of  the  capital  is  1  module  17^  mh 
nutes. 

7.  Diminishing  of  the  column  is  8  minutes. 

8.  In  colonades,  the  diftance  of  the  columns  in  the 
clear  is  2%  modules. 

9.  In  arches,  and  the  column  fet  on  pedeftals, 
Diftance  of  the  columns  from  middle  to  mid** 

die  is  7“  modules. 

Height  of  the  arch  to  its  foffit  is  10^  modules, 
Breadth  of  the  pilafters  is  26  minutes, 

In  the  Doric  order  the  architrave  has  two  faces  and 
a  plinth ;  the  upper  face  is  ornamented  with  rows  of 
fix  drips  or  bells  ^  covered  with  a  plain  cap  :  The 
freeze  is  divided  into  trigliphs  and  metops  :  The 
breadths  of  the  drips,  cap  and  trigliphs  are  each  f 
module  :  The  trigliphs  confift  of  two  channels,  two 
half  channels,  and  three  voids ;  the  breadths  of  thq 
channels  and  voids  are  each  5  minutes :  The  axis  of 
the  column  continued,  runs  through  the  middle  void, 
leaving  the  drips  three  on  each  fide :  The  metops,  or 
diftances  between  the  trigliphs,  are  equal  to  the  height 
of  the  freeze,  and  are  commonly  ornamented  with 
prophies,  arips,  rofes,  &p. 
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Here  follows  a  table  for  the  particular  conflruction 
of  the  ornaments  with  which  the  architrave  and  freeze 
are  enriched. 


* 

Altitude. 

Projection 

Profile. 

Min. 

Min. 

Min. 

Capital 

5 

16 

3 

Freeze 

45 

— 

Trigliphs 

40 

15 

i+2i 

Plinth 

4i 

1 6 

3 

Cap 

It 

15 

2 

Drips 

3i 

l5 

2 

The  column  figned  altitude  gives  the  heights  of  the 
particular  parts. 

That  figned  projection  lhews  the  breadths  of 
thofe  parts  on  each  fide  of  the  middle  line  of  the 
column  continued. 

And  under  the  word  profile  ftand  the  numbers 
Ihewing  how  far  the  feveral  parts  project  beyond  the 
planes  or  faces  of  the  members  on  which  they  are 
made. 

The  fofflt  of  the  corona  in  the  cornice  of  the  enta¬ 
blature,  is  ufually  ornamented  with  drips  correfpond- 
ing  to  the  trigliphs,  and  rofes,  arms,  &c.  over  the 
metops. 

The  {haft  of  the  column  is  fometimes  fluted  ;  that 
is,  cut  into  channels  from  top  to  bottom,  the  chan¬ 
nels  meeting  one  another  in  an  edge,  and  are  in  num¬ 
ber  twenty. 

Of  the  Ionic  Order. 

This  order,  which  is  taller  and  flenderer  than  the 
Doric,  does  not  appear  with  fuch  a  mafculine  ftrength ; 

and 
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and  is  by  fome  writers  compared  to  the  figure  of  a 
grave  matron.  The  Ionians  who  invented  this  order, 
applied  it  chiefly  to  decorate  their  temples  :  But 
when  applied  to  the  ornamenting  a  country  palace, 
the  rich  and  extended  vale  feems  a  proper  fite  : 
Workmen  indeed  ufe  it  indifferently  in  every  place. 

Palladio  gives  to  the  Ionic  order  the  following  ge¬ 
neral  proportions. 

1.  H  eight  of  the  column  to  be  9  modules. 

2.  The  altitude  of  the  entablature  is  equal  to  4 
that  of  the  column,  and  divided  for  the  architrave, 
freeze,  and  cornice,  in  the  proportion  of  4,  3,  5. 

3.  The  height  of  the  pedeftal  equal  to  2  modules 
374  minutes  ;  or  ~T  of  the  column. 

4.  H  eight  of  the  bafe  f  module ;  its  breadth  1  mo¬ 
dule  22f  minutes. 

5.  Height  of  the  capital  and  volute  is  314  mi¬ 
nutes,  and  the  breadth  of  its  abaco  is  1  module  34* 
minutes. 

6.  Diminution  of  the  column  is  7-f  minutes. 

7.  In  colonades,  the  diftance  of  the  columns  in 
the  clear  is  2f  modules. 

8.  In  arches,  and  the  columns  fet  on  pedeftals, 

Diftance  of  the  columns  from  middle  to  mid¬ 
dle  is  7 modules. 

Height  of  the  arch  to  its  foflit  is  1 1  modules. 

Breadth  of  the  pilafters  is  26"  minutes*  between 
the  column  and  arch. 

The  diftance  of  the  modilions  in  the  entablature 
is  22  minutes,  and  the  breadth  of  each  modilion  is 
10  minutes;  the  axis  of  the  column  produced  always 
pafles  through  the  middle  of  a  modilion,  which  in  this 
order  is  a  plain  block  reprefenting  the  end  of  a  beam. 
The  three  moft  elegant  remains  of  the  ancient  Ionic  order 
in  Rome  have  their  cornice  ornamented  with  dentels 
inftead  of  modilions ;  and  it  is  the  opinion  of  fome, 
eminent  for  their  tafte  in  Architecture,  that  in  this 
order  dentels  would  have  a  better  effeCt  than  modili- 
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ons ;  the  heights  of  thefe  dentels  were  ufually  twice 
their  breadth,  and  their  diftances  half  their  breadth. 

The  freeze  of  this  order  is  ufually  made  fwelling, 
and  is  formed  by  the  fegment  of  a  circle,  whofe  chord 
is  parallel  to  the  axis  of  the  column,  and  the  fwell¬ 
ing  proje&ing  as  far  as  the  plateband  of  the  archi¬ 
trave. 

The  volutes  of  the  capital  are  now  made  to  project 
in  the  directions  of  the  diagonals  of  the  lquare  cap, 
or  abaco,  over  the  volutes,  fo  that  their  drawing 
fhould  be  expreffed  like  the  volutes  in  the  Roman 
order  :  They  are  much  better  drawn  by  an  eafy  hand, 
than  by  any  rules  for  defcribing  them  with  the  com- 
pafies,  obferving  the  limits  of  their  altitude  and  pro¬ 
jection  :  But  the  volutes  in  the  ancient  examples  of 
this  order  were  curled  in  a  plane  parallel  to  the  ar¬ 
chitrave.  Thefe  volutes  are  fuppofed  to  reprefent  the 
plaited  treffes  in  which  the  Grecian  women  ufed  to 
drefs  their  hair. 

The  fhaft  of  the  column  is  fometimes  fluted,  leav¬ 
ing  a  fillet  or  lift  between  each  channel  :  In  this  order 
there  are  24  flutes  and  fillets. 

Of  the  Corinthian  Order. 

This  order,  the  moft  elegant  of  all,  is  by  fome 
compared  to  a  very  fine  woman  clad  in  a  wanton 
fumptuous  habit :  It  was  invented  at  Corinth ,  and 
foon  fpread  into  other  places  to  adorn  their  public 
buildings.  A  proper  rural  fituation  for  this  order, 
feems  to  be  a  lpot  commanding  a  rich  and  beautiful 
profpedt  in  a  fine  watered  vale. 

*  The  general  proportions  aftigned  by  Palladio  are  ; 

1.  The  height  of  the  column  to  be  9T  modules. 

2.  Height  of  the  entablature  equal  to  4  that  of 
the  column  ;  the  architrave,  freeze  and  cornice  to  be 
in  the  proportion  of  4,  3,  5 ;  and  the  projection  of 
the  cornice  equal  to  its  height. 
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3.  Height  of  the  pedeftal  equal  to  4  of  the  co¬ 
lumn. 

4.  The  height  of  the  capital  to  be  14  module;  of 
which  the  abaco  is  4  of  a  module ;  its  horns  project¬ 
ing  over  the  bottom  of  the  column  4  of  a  module. 

5.  The  height  of  the  bale  equal  to  4  module  ;  and 
its  greateft  breadth  to  be  one  module  and  a  fifth. 

6.  The  diminution  of  the  column  to  be  8  minutes. 

7.  In  colonades,  the  intercolumniation  is  2  mo¬ 
dules. 

8.  In  arches,  and  the  columns  fet  on  pedeftals, 
The  difiance  of  the  columns,  from  middle  to 

middle,  to  be  64  modules. 

Height  of  the  arch  equal  to  1 14  modules. 
Breadth  of  the  pilafter,  between  the  column  and 
Tides  of  the  paflage,  to  be  27  minutes. 

In  this  order,  the  fhaft  is  frequently  cut  into  24 
flutes,  which  are  feparated  from  one  another  by  as 
many  fillets. 

The  capital  is  compofed  of  three  tiers  of  leaves, 
eight  leaves  in  a  tier,  with  their  ftalks  or  fcrols,  en¬ 
circling  the  body  of  the  capital,  which  reprefents  a 
bafket,  whofe  bottom  is  juft  as  broad  as  the  diameter 
of  the  top  of  the  column  within  the  channels  :  The 
ornaments  of  this  capital  are  beft  done  by  hand,  with¬ 
out  rule  or  compafs,  obferving  the  proper  altitudes 
and  projections  of  the  parts. 

The  architrave  confifts  of  three  facials,  three  fu- 
faroles,  an  ogee,  and  a  plateband ;  the  firft,  or  lower 
facise  projects  the  fame  as  the  top  of  the  (haft. 

The  freeze,  which  projects  the  fame  as  the  top  of 
the  fhaft,  has  its  lower  part  turned  into  a  kind  of 
cavetto,  terminating  with  the  extremity  of  the  plate- 
band  of  the  architrave. 

The  breadths  of  the  dentels  are  34  minutes,  and 
their  diftance  14  minutes. 

The  breadths  of  the  modilions  are  1 14  minutes, 
and  their  difiance  in  the  clear  234  minutes. 

E  3  Ths 
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The  middle  of  a  dentel  fhould  be  under  the  mid¬ 
dle  of  a  modilion,  and  the  axis  of  the  column  pafiea 
through  the  middles  of  both  dentel  and  modilion. 

Of  the  Composite  Order. 

This  order  (the  poor  invention  of  the  Romans ,  and 
therefore  frequently  called  the  Roman  order),  is  ufu- 
ally  compofed  of  the  Corinthian  and  Ionic  *,  the  Ionic 
capital  being  fet  over  the  two  lower  rows  of  leaves  in 
the  Corinthian  capital. 

Palladio  gives  us  the  following  general  proportions. 

1.  The  height  of  the  column  to  be  io  modules. 

2.  The  height  of  the  entablature  equal  to  f  of  the 
column  •,  the  architrave,  freeze,  and  cornice,  in  the 
proportion  of  4,  3,  5  ;  the  freeze  fwelling  like  that  of 
the  Ionic. 

3.  Height  of  the  pedeftal  to  be  f  of  the  column. 

4.  Height  of  the  capital  equal  to  if  module  5  of 
which  the  abaco  is  f  module,  its  horns  projecting 
from  the  center  of  the  column  1  module. 

'  5.  Height  of  the  bafe  3  if  minutes,  and  its  great- 
eft  breadth  if  modules. 

6.  Diminution  of  the  column  equal  to  8  minutes, 

7.  In  colonades,  the  intercolumniation  is  if  mo¬ 
dules, 

8.  In  arches,  and  the  columns  fet  on  pedeftals, 

Diftance  of  the  columns  from  middle  to  middle 

is  7f  modules. 

Height  of  the  arch  equal  to  izf  modules:  In 
the  clear,  the  height  is  to  the  fpan  as  5  to  2. 

The  breadth  of  the  pilafters  between  the  column 
and  arch  is  modules,  or  42  minutes. 

In  this  order  the  fhaft,  if  fluted,  is  to  have  24 
channels  and  24  fillets,  one  between  each  two  flutes. 

The  volutes  of  the  capital  are  angular,  to  have  the 
fame  appearances  on  every  fide,  and  they  are  drawn 
like  thofe  in  the  Ionic, 
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The  modilions  in  this  order  are  worked  into  two 
Faces,  with  an  ogee  between  them ;  the  breadth  of  the 
lower  face  g\  minutes,  that  of  the  upper  12-;  the 
diftance  of  two  modilions  at  the  upper  faces  is  20  mi¬ 
nutes,  and  at  the  lower  faces  23  minutes  *,  the  axis  of 
the  column  pafllng  through  the  middle  of  a  modi- 
lion. 

To  draw  the  Mouldings  in  Architecture. 

The  terminations  or  ends  of  flat  members,  are  right 
lines. 

The  aftragal,  fufarole,  and  torus,  are  terminated 
by  a  femicircle. 

To  defcrihe  the  Torus.  Fig.  1.  Plate  I. 

On  ab,  its  breadth,  defcribe  a  femicircle. 

To  make  an  Ovoloy  whofe  breadth  is  ab.  Fig  2. 

Make  ac  =  ~  or  -J-  of  ab,  and  draw  cb. 

Make  the  angle  cbd  equal  to  the  angle  bcd. 

Then  the  interfedlion  of  bd  with  ca  will  give  d 
the  center  of  the  are  bc. 

Or,  Defcribe  on  bc  an  equilateral  triangle ;  and 
make  the  vertex  the  center. 

The  former  of  thefe  methods  is  the  mofl  graceful. 

To  make  a  Cavetto ,  whofe  breadth  is  ab.  Fig.  3. 

Make  ac  =  4  or  t  °f  ab  j  draw  bc,  and  produce 
the  bottom  line  towards  d. 

Make  an  angle  bcd  equal  to  the  angle  cbd. 

Then  d,  the  interfedlion  of  cd  with  bd,  is  the  cen¬ 
ter  fought. 

Or,  On  bc  defcribe  an  equilateral  triangle,  and  the 
vertex  will  be  the  center. 

To  make  a  Scotia ,  whofe  breadth  is  ab.  Fig.  4. 

Make  af  equal  to  f  of  ab. 
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On  af  defcribe  the  fquare  ac,  and  on  bf  defcribe 
the  fquare  bd; 

Then  c  is  the  center  of  the  arc  ef,  and  d  the 
center  of  the  arc  re. 

To  make  a  Cima ,  whofe  breadth  is  ab.  Fig.  5. 

Make  ac  equal  to  about  i  of  ab. 

Draw  the  right  line  cb,  which  bifedt  in  d. 

On  cd  and  db,  make  ifofceles  triangles,  whofe  legs 
de,  df,  may  be  each  -f-  of  the  bafe  cd,  db  •,  and  the 
vertexes  e  and  f  will  be  the  centers  of  the  arcs  cd* 


db- 

Or,  The  centers  of  the  arcs  cd,  db,  may  be  found 
by  deferibing  equilateral  triangles  on  the  right  lines 
CD,  DB. 


To  make  a  Cymaife>  cr  Ogee ,  whofe  breadth  is  ab. 

Fig.  6. 

Make  ac  equal  to  about  4  of  ab. 

Draw  the  right  line  cb,  which  bifedl  in  d. 

Through  d  draw  the  right  line  ef,  fo,  that  the  an¬ 
gle  cde  may  be  equal  to  the  angle  dce  ;  meeting  the 
upper  and  lower  lines  in  e  and  f. 

Then  e  is  the  center  of  the  arc  cd,  and  f  the  cen¬ 
ter  of  the  arc  db. 


To  defcribe  the  curve  joining  the  fhaft  of  a  column  with 
its  upper  or  lower  fillet ,  the  projection  of  ab  being  given . 

Fig.  7. 

Make  ac  equal  to  twice  ab. 

Draw  cd  parallel  to  ab,  and  equal  to  ~  of  ac. 
Then  d  is  the  center  of  the  arc  cb. 


To  draw  the  gradual  diminution  of  a  Column.  Fig.  8. 

Draw  the  axis  ab  of  the  intended  length  of  the 
Ihaft  •,  and  parallel  thereto,  at  half  a  module  diftance, 
draw  cd  ;  make  ce  equal  to  half  the  proper  diminu^ 
tion,  and  draw  ef  parallel  to  ba. 
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Make  ag  equal  to  one  third  of  ab;  and  fo  high  is 
the  fhaft  to  be  parallel  to  its  axis  *  through  g  draw  hi 
at  right  angles  to  ab. 

On  hi  defcribe  a  femicircumference  cutting  the  line 
ef  in  the  point  4 ;  divide  the  arc  H4  into  equal  parts 
at  pleafure,  fuppofe  4  ;  and  through  thofe  points  draw 
the  lines  1 1,  22,  33,  44. 

Divide  the  line  gb  into  a  like  number  of  equal 
parts,  as  at  the  points  ayh^c\  and  through  thefe  points 
draw  lines  parallel  to  ih  ;  making  aa  —  11,  bb  —  22, 

€c  =  33* 

Then  a  curved  line  drawn  through  the  extremities 
h,  ay  b)  c,  e,  will  limit  the  gradual  diminution  re¬ 
quired. 

Palladio  defcribes  another  method,  which  is  more 
ready  in  practice. 

Lay  a  thin  ruler  by  the  points  d,  h,  e,  and  the 
bending  of  the  ruler  will  give  the  gradual  diminution 
required. 

To  defcribe  the  Volute  of  the  Ionic  order.  Figs,  9,  10. 

The  altitude  ab,  which  is  £  of  a  module,  or  261- 
minutes,  is  divided  into  8  equal  parts,  viz.  4  from  c 
to  a,  and  4  from  c  to  b  ;  upon  cd  =  3-f,  one  of  thefe 
parts,  a  circle  is  defcribed,  and  called  the  eye  of  the 
volute,  which  correfponds  with  the  aftragal  of  the 
column. 

Palladio  gives  the  following  manner  of  finding 
the  12  centers  of  the  volute,  which  he  difcovered  on 
an  old  unfinifhed  capital.  Fig  9. 

Within  the  eye  of  the  volute  irifcnbe  a  fquare, 
whofe  diagonal  is  cd  ;  in  this  lquare  draw  the  two  di¬ 
ameters  13,  24,  and  thefe  four  points  1,2  3,  4,  are 
the  centers  of  the  arcs  ai,  ib,  B3,  34,  which  forms 
the  firfl  revolution. 

The  centers  of  the  arcs  forming  the  fecond  and 
third  revolutions  are  thus  found  *  fee  the  e^e  of  the 
volute  drawn  at  large.  Fig.  9. 
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Divide  the  radii  01,  02,  03,  04,  each  into  3  equal 
parts,  as  at  the  points  5,  6,  7,  8,  9,  10,  1 1,  12,  and 
thefe  will  be  the  centers  of  the  remaining  arcs,  the 
laft  of  which  is  to  coincide  with  the  point  c,  in  the 
eye. 

Goldman  obferving  that  in  this  conftrudtion  the 
ends  and  beginnings  ot  the  arcs  were  not  at  right  an¬ 
gles  to  the  fame  radii,  contrived  the  following  con- 
ftru&ion.  See  Fig.  io.  and  its  eye  drawn  at  large. 

Upon  one  half  of  cd,  defeiribe  the  fquare  1,  2,  3, 
4;  and  draw  the  lines  02,  03  *,  divide  01,  04,  each 
into  3  equal  parts ;  then  lines  drawn  through  thofc 
points  parallel  to  1,  2,  their  interfedtions  with  14, 
02,  03,  will  be  centers  of  the  volute. 

So  the  points,  i,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11,  12, 
will  be  the  centers  of  the  twelve  arcs  which  together 
form  the  outward  curve  of  the  volute. 

In  either  method,  the  centers  of  the  inner  curve 
may  be  thus  found. 

Take  o a  equal  to  \  of  01  ;  divide  o a  into  three 
equal  parts,  and  thefe  divifions  will  give  centers  of  the 
inner  curve ;  the  two  eyes  drawn  at  large  will  fhew 
how  the  12  inner  centers  are  found,  where  they  are 
diftinguifhed  by  large  points  ;  the  1 2  centers  oF  the 
outward  curve  being  marked  by  the  figures. 

In  the  delcribing  of  thefe  volutes,  it  will  frequently 
happen,  that  the  laft  quadrant  will  not  fall  on  its  true 
termination,  occafioned  by  the  radii  of  the  feveral 
quadrants  not  being  exactly  taken  by  the  compaffes  : 
In  order  to  avoid  this  inaccuracy,  at  leaft  in  fome  de¬ 
gree,  here  is  fubjoined  a  table  fhewing  the  length  of 
each  radius,  computed  from  Goldman’ s  method  But 
it  may  alfo  be  applied  to  Palladio’s ,  the  radius  of 
the  largeft  quadrant  not  differing  -rJ-o  of  a  minute, 
or  x-oW  of  a  module  from  the  truth  ;  and  excepting 
the  arc  deferibed  from  the  firft  center,  the  reft  may  be 
made  quadrants  in  the  fame  manner  as  fhewn  in  Gold- 
man’s  method. 
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A  Table  of  the  lengths ,  in  minutes ,  of  the  feveral 
radii  of  the  outward  and  inner  volutes . 


To  ufe  this  table,  a  fcale  of  4  of  a  module  fhould 
be  made,  and  divided  into  15  minutes,  and  the  ex- 
tream  divifion  decimally  divided,  whereby  the  lengths 
of  the  feveral  radii  may  be  taken  :  But  as  the  fedtor 
is  an  univerfal  fcale,  there  are  two  other  columns  add- 
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ed,  applicable  to  the  feCtor  ;  where  the  longer  radius 
14,166  is  made  a  tranfverfe  diftance  to  10  and  fo, 
or  100  and  100,  on  the  line  of  lines,  and  all  the  other 
radii  of  both  curves  are  proportioned  thereto  :  Now 
the  centers  of  the  curves  being  found  as  fhewn  in  the 
eyes  of  the  volute,  the  feveral  radii  may  be  taken  from 
the  fedor,  and  the  curves  more  accurately  defcribed 
than  by  any  other  method. 

tfo  defcribe  the  Fluting s  and  Fillets  in  channelled  co¬ 
lumns.  Fig.  ii. 

In  the  Doric,  the  circumference  of  the  column  be¬ 
ing  divided  into  20  equal  parts  (here  the  ~  circumfe¬ 
rence  is  divided  into  5),  of  which  ah  is  one;  on  ab 
defcribe  a  fquare,  and  the  center  c  of  that  fquare  is  the 
center  of  the  channel  or  flute  required. 

In  the  Ionic,  and  Corinthian,  divide  the  circumfe¬ 
rence  of  the  column  into  24  equal  parts  (here  the  -J. 
circumference  is  divided  into  6),  of  which  ad  is  one  ; 
divide  ad  into  4  equal  parts ;  then  ae  —  ~ad  is  the 
breadth  of  the  flute,  and  ed  —  gad  is  the  breadth  of 
the  fillet. 

The  flutes  are  femicircles  defcribed  on  the  chords 
of  their  arcs  in  the  column. 

In  the  three  following  tables  are  contained  the 
heights  and  projections  of  the  parts  of  each  order,  ac¬ 
cording  to  the  proportions  given  by  Palladio ;  the 
orders  of  this  architect  were  chofen,  becaufe  the 
Englijh ,  at  prefent,  are  more  fond  of  copying  his  pro¬ 
ductions,  than  thofe  of  any  other  architect. 

The  firft  table  ferves  for  the  pedelfal,  the  fecond 
for  the  column,  and  the  third  for  the  entablature,  of 
each  order.  Each  table  is  divided  into  feven  principal 
columns :  In  the  firft,  beginning  at  the  left  hand,  is 
contained  the  names  of  the  primary  divifions ;  in  the 
fecond  thofe  of  the  feveral  divifions  and  members  in 
the  orders;  and  the  other  five,  titled  with  Tu/can , 

Doric 
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Doric ,  Ionic ,  Corinthian ,  Reman ,  contain  the  numbers 
exprefilng  the  altitudes,  and  projections  taken  from 
the  axis,  or  middle  of  the  column,  of  the  feveral 
members  belonging  to  their  correfponding  orders. 

The  column  containing  each  order,  is  divided,  firft 
into  two  other  columns,  one  fhewing  the  altitudes, 
and  figned  Alt.  and  the  other,  the  projections,  and 
figned  Proj.  Each  of  thefe  is  alfo  divided  into  two 
other  columns,  one  containing  modules,  and  marked 
Mo.  and  the  other,  the  minutes  and  parts,  and  mark¬ 
ed  Mi. 

Under  the  table  of  the  pedeftal  there  is  another 
table,  fhewing  the  general  proportions  for  the  heights 
of  the  orders. 

In  each  of  the  orders  of  architecture,  the  height  of 
the  order,  and  the  diameter  of  the  column,  have  a 
conftant  relation  to  one  another. 

Therefore,  if  the  diameter  of  the  column  be 
given,  the  height  of  the  order  is  given  alfo:  And  hav¬ 
ing  determined  by  what  fcale  the  order  is  to  be  drawn, 
fuch  as  f  inch,  i  inch,  2  inches,  &c.  to  a  foot  or 
yard,  Cf fc.  Take  from  fuch  fcale,  the  part  or  parts 
exprelfing  the  diameter  of  the  column,  and  make  this 
extent  a  tranfverfe  diftance  to  6  and  6  (i.  e.  60  and  60) 
on  the  feales  of  lines,  and  the  feCtor  will  be  opened 
fo,  that  the  feveral  proportions  of  the  order  may  be 
taken  from  it. 

Exam.  Suppofe  the  diameter  of  a  column  is  to  he  18 
inches  \  and  the  drawing  of  the  order  is  to  he  delineated 
from  a  fcale  of  an  inch  to  a  foot :  that  is ,  the  diameter 
of  the  column  in  the  drawing  is  to  he  an  inch  and  half. 

Make  the  tranfverfe  diftance  of  6  and  6,  on  the 
feales  of  lines,  equal  to  if  inch,  and  the  feClor  is 
fitted  for  the  fcale. 

If  the  height  of  the  order  is  given,  divide  this 
height,  by  the  height  of  the  order  in  the  table  ;  arid 
the  quotient  will  be  the  diameter  of  the  column. 

1  Exam, 


62 
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Exam.  What  muft  he  the  diameter  of  the  column  in 
the  Ionic  order,  when  the  whole  height  of  the  order  is 
fixed  at  1 8  feet  6  inches. 

The  height  of  the  order  in  the  table  is  13  mo. 

297  mi.  —  =  13A$75  modules :  And  18  f. 

18  c 

6  in.  =  18,/:  feet.  Therefore - —  *>3700  feet 

=  1  f.  4T  inches  nearly  :  And  the  feCtor  may  be  fitted 
to  this,  as  before  directed,  according  to  the  intended 
fize  of  the  draught. 

To  delineate  an  Order  by  thefe  Tables* 

Having  determined  the  diameter  of  the  column  at 
bottom,  and  fet  the  feCtor  to  the  intended  fcale,  draw 
a  line  to  reprefent  the  axis  or  middle  of  the  order. 

On  this  line,  lay  the  parts  for  the  heights  of  the 
pedeftal,  column,  and  entablature,  taken  from  the 
table  of  general  proportions. 

Within  each  of  thefe  parts  refpeCtively,  lay  the 
feveral  altitudes  taken  from  the  tables  of  particulars, 
under  the  word  Alt.  Through  each  of  the  points 
marked  on  the  axis,  draw  lines  perpendicular  to  the 
axis,  or  draw  one  line  perpendicular,  and  the  others 
parallel  thereto. 

On  the  lines  drawn  perpendicular  to  the  axis,  lay 
the  projections  correfponding  to  the  refpeCtive  alti¬ 
tudes  *,  thefe  projections  are  to  be  laid  on  both  fides 
of  the  axis,  for  the  pedeftal  and  column  ;  and  only 
on  one  fide,  for  the  entablature,  join  the  extremities 
of  the  projections  with  fuch  lines  as  are  proper  to  ex- 
prefs  the  refpeCtive  mouldings  and  parts :  And  the 
order,  exclufive  of  its  ornaments,  will  be  delineated. 

As  the  altitudes  of  many  of  the  parts  are  very  fmall, 
it  will  not  be  convenient,  if  poflible,  to  take  from  the 
fcale  of  lines,  fuch  fmall  parts  alone  *  therefore  it  may 

be 
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be  belt  to  proceed  as  in  the  following  example  of  the 
Ionic  order. 


*£o  ccnftruft  the  Pedeftal.  Plate  II. 

In  the  line  ad,  which  reprefents  the  axis  of  the 
order,  take  the  bafe  Aa  —  424  min.,  the  die  ad  — 
1  mod.  k  35  min.*,  and  the  capital  du  =  224  min. 
Then  to  draw  the  fmall  members  in  the  bale  and 
cornice,  proceed  thus. 

To  the  minutes  in  the  bafe,  424,  add  fome  even 
number  of  minutes,  fuppofe  30  =  a b,  and  the  fum 
724  is  equal  to  ab;  then  compofe  a  table,  fuch  as  the 
following  one,  wherein  the  alt.  of  the  plinth  is  fub- 
traded  out  of  the  No.  724-  ;  then  the  torus  out  of  this 
remainder*,  then  the  cyma  out  of  this  remainder  ; 
then  the  fillet  out  of  this  ;  and  laftly,  the  cavetto  out 
of  this  remainder.  Thus, 

Bafe  with  30  minutes . 724 

This  lefs  by  the  plinth,  284-5  remains  ...  44 
This  lefs  by  the  torus,  4,  remains  ...  40 

This  lefs  by  the  fillet,  04,  remains  .  .  394 

This  lefs  by  the  cyma,  5,  remains  .  .  .  344 

This  lefs  by  the  fillet,  o4>  remains  .  .  334 

This  lefs  by  the  cavetto,  34*  remains  .  .  .  30, 

the  minutes  firft  added. 


Then  the  feveral  numbers  in  the  table  may  be 
taken  from  the  line  of  lines  on  the  fedor,  and  ap¬ 
plied  from  b  towards  a.  Thus, 

Make  Bi  =  44,  B2  =  40,  B3  =  394,  B4  =  344* 
b3  =  334  ;  draw  lines  through  thefe  points  at  right 
angles  to  ad,  and  on  thefe  lines  lay  the  refpedive 
projedions,  as  fhewn  in  the  general  table ;  then  the 
proper  curvature  or  figure  being  drawn  at  the  ex¬ 
tremities  of  the  numbers,  the  bafe  of  the  pedeftal 
will  be  made. 

It  will  be  found  moft  convenient  to  lay  off*  the 
numbers  from  the  greater  to  the  lefler  ones  *,  for  then 
there  is  only  one  motion  required  in  the  joints  of  the 

com- 
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compafies,  which  is,  to  bring  them  clofer  and  clofer 
every  diftance  laid  down. 

And  in  the  fame  manner,  for  the  cornice  of  the 
pedeftal,  take  a  point  C,  30  minutes  below  the  cor¬ 
nice  j  and  tabulate  as  before. 

-Cornice  with  30  min . 524  =  cd 

This  lefs  by  the  fillet  or  cap,  24*  leaves  50^  =  c  \ 


Ditto . ogee  .  ..  .  3*-,  ditto  464  =  C2 

Ditto . corona  .  .  44  ...  424  =  C3 

Ditto . fillet  .  .  .  14  .  •  .  404  =  04 

Ditto . cyma  •  .  .  ...  354  =  C5 

Ditto . fillet  .  .  .  1  ~  ...  334  =  c6 

Ditto . cavetto  .  .  34  ...  30  =  cd. 


These  numbers  laid  from  c  towards  d,  gives  the 
altitudes  of  the  members  of  the  cornice. 

In  like  manner  the  mouldings  about  the  bafe  and 
capital  are  laid  down,  by  taking  30  minutes  in.  the 
fhaft  both  above  the  bafe  and  below  the  capital*  hav¬ 
ing  firft  fet  on  the  axis,  the  refpedtive  heights  of  the 
bafe,  fhaft,  and  capital, 

! Thus  for  the  Bafe. 

The  bafe  334-  min.  with  30  added  =  634  =  sd 

This  lefs  by  the  plinth  10  min.  leaves  534  =  sx 


Ditto . torus  7-4  .....  46  =  S2 

Ditto . fillet  1-4 . 444.  ==  33 

Ditto . fcotia  44 . 40-A  =  S4 

Ditto . fillet  14- . 384  ==  S5 

Ditto  torus  54- . 334.  =  s6 

Ditto . aftragala^ . 314-  —  S7 

Ditto  .....  fillet  i4r  .....  30  =  s8. 


s8  is  here  fuppofed  to  be  30,  though  the  plate  is 
not  high  enough  to  admit  30  minutes  to  be  laid  in 
the  fhaft  of  the  column. 

For  the  Capital. 

The  capital  244-  with  30  added,  gives  544-  ~  fg 
This  lefs  by  the  plateband  14,  leaves  524  =  fi 

Ditto . ogee  ,  .  34- k ,  .  .  49-4  =  F2 

This 
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This  Iefs  by  the  rim  of  volute  14,  leaves  474  =  F3 
Ditto . hollow  5t  •  •  •  4 2ir  =  ^4 


Ditto  . . ovolo  .  .  yf  •  •  •  35  =  F5 

Ditto  .....  .  aftragai  37  .  .  .  314  ^f6 

Ditto . fillet  .  .  14  .  •  .  30  =  F7. 


To  conftruft  the  Cornice. 

In  the  axis  take  gh  =  36  for  the  architrave,  hi  = 
27  for  the  freeze,  and  ik  =  46  for  the  cornice.  Then* 


For  the  farts  of  the  Architrave . 

To  the  freeze  27  add  hg  36,  gives  63  nio 
This  lefs  by  the  firft  face  67,  leaves  567  =11 


Ditto . fufarole  i~  .  .  .  S5i  =  12 

Ditto . 2d  face  .  84  .  ,  .  4 644=13 

Ditto . fufarole  2  ...  4444  =  14 

Ditto . 3d  face  104  .  .  .  34^=15 

Ditto . ogee  ,  .  44  .  .  .  294  =  16 

Ditto . fillet  .  .  24  .  .  .  27  =  ih. 

For  the  Cornice . 

To  the  freeze  2  7  add  the  cornice  46,  gives  73  =hic 
This  lefs  by  the  fillet  .  .24,  leaves  707  =  hi 

Ditto . cima  ,  7  ....  637  =  hz 

Ditto . fillet  .  .  1  .  .  .  ;  627  =  H3 

Ditto . ogee  .  .  37'  .  .  ,  .  59  =H4 

Ditto . corona  8  ....  51  =h£ 

Ditto  .  .  .  .  .  ogee  .  .  3  .  ,  .  .  48  =h  6 

Ditto . modilion  77  ....  404=  h/ 

Ditto . fillet  .  .14  .  .  .  .  39  =h8 

Ditto . ovolo  .  .  6  .  ...  33  =H9 

Ditto . fillet  ..  1  .....  32  =hxo 

Ditto  .....  cavetto  .  5  .....  2 7  =hi. 


Tables  may  be  made  in  like  manner  for  either  of 
the  orders,  to  be  taken  from  the  fedlor:  The  projec¬ 
tions  from  the  axis  being  all  of  them  large  numbers, 
they  may  be  taken  from  the  fe£lor  eafily  enough  after 
it  is  fet  to  the  diameter  of  the  column,  as  before  (hewn. 

A  little  reflexion  will  make  this  very  clear,  and 
perhaps  more  fo,  than  by  bellowing  more  words  thereon. 
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Names  of  the  Members. 
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' Angular  Volutes  - 

fOvolo  - 
Abacus  <  Fillet  - 
L  Cavetto 
B..{kct  Rim  -  -  - 

Ogee  -  ----- 

Abacus . 

Vo-  C  fillet  or  rim 
lute  £  chan.  or  hollow 


^  Ovolo 
^  Aftragal 
< 

U 


Fillet 


X 

CO 


Collarino  -  -  -  - 
Middle  Volute  -  - 
Courf.ofleaves,  ^  3d 
folding  half  i  2d 
their  height  J  ift 

"Aftragal  -  -  -  - 
Fillet . 


fa 
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< 
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Body  of  the  Column 

Fillet  ----- 
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"Torus  -  -  -  - 
Aftragal  -  -  - 

Fillet - 

Scotia  -  -  -  - 
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Sect.  XIII. 

Some  Ufes  of  the  Scales  of  Polygons.  PI.  VI. 

PROBLEM  XVI. 

In  a  given  circle ,  whofe  diameter  is  ab,  to  infer ibe  a 
■regular  oft  agon.  Fig.  22. 

Solution.  Open  the  legs  of  the  fedtor,  till  the 
tranlverfe  diftance  of  6  and  6,  be  equal  to  ab  : 
Then  will  the  tranfverfe  diftance  of  8  and  8,  be 
the  fide  of  an  odtagon  which  will  be  inferibed  in 
the  given  circle. 

In  like  manner  may  any  other  polygon  not  exceed¬ 
ing  1 2  Tides,  be  inferibed  in  a  given  circle. 

PROBLEM  XVII. 

On  a  given  line  ab,  to  defer  ibe  a  regular  pentagon. 
Fig.  23. 

Solution,  ift.  Make  ab  a  tranfverfe  diftance  to 

5  and  5- 

2d.  At  that  opening  of  the  fedtor,  take  the  tranf¬ 
verfe  diftance  of  6  and  6  5  and  with  this  radius,  on 
the  points  a,  b,  as  centers,  deferibe  arcs  cutting  in  c. 

3d.  On  c  as  a  center,  with  the  fame  radius,  de¬ 
feribe  a  circumference  palling  through  the  points  a, 
b  ;  and  in  this  circle  may  the  pentagon,  whofe  fide  is 
ab,  be  inferibed. 

By  a  like  procefs  may  any  other  polygon,  of  not 
more  than  12  Tides,  be  deferibed  on  a  given  line. 

The  feales  of  chords  will  folve  thefe  two  problems, 
or  any  other  of  the  like  kind :  Thus, 

In  a  circle  whofe  diameter  is  ab,  to  deferibe  a  regular 
polygon  of  24  fides.  Fig.  24. 

Solution,  ift.  Make  the  diameter  ab,  a  tranfverfe 
diftance  to  60  and  60,  on  the  feales  of  chords. 

1  -  *  2d. 


I 


‘  ^  •»'!>  ■:  **  &~rx. 


f  ;• 


'  j  ••'  ■ '  - 

Vr-v  "*v  ; 


^•5. 


:  k2'*' 

.-•' J  '  ‘  '\l 


:  A*  '■  \  ■  ' 

i\s\ 


'  '*  V.  •  v  Hfc.4*Nlk  •£* 


if  ?'  ■  i 

t  •*>  - 

-  I  ' 
:U  “  ! 

1 :  it  i' 

Mil 
1  j 1  •• 

•  :r.  :• 


r 


'  A  . 

.  -  ' 

i  >■  : 

M  4 


i  t 


£  ,  , v. 


-  &  ± 


ij 


.  ‘if 

-n 


fcX  3 

t 

'  iiW.^ 


if 

.  f- 

■■  ff  . 

,  / 

:  i , 


i  :  -4 

4  /.  : 

: 


•«  > 


■  vsl: 

?•  A  , 
VJ  /  .  f 

i  s ;  * 

m' 

-  tri- 1 

iflij 
if  hi  i 
►  |  '  'U  ; 


lj  4 


_ #  ..._ 

y  ■*■’**-  *  * 
V  ** 


J  v  h  'i 

*  *  >  a  -«>  i,  i 

'  V  V  »•  «* 


*•: 


1  ?  ■:  -  i  v  ;;•?  5  ..  e  - 

*  ■•  •-  c  \  i  ,  »«  <ij  *_  ..  ,i  • . 

2*7  .  ;  f  '  \  ,  / 


.*■  r  •  *  '  •  •■  -  *  : 
•■J  -Km.  4'*  *s  V-J  .-  V  >>  - 


»  £  : 

If 


.  ’  il 

I  -•  ‘-f  :* 

|?  v  rf- 


.  ^  i, : 


'  :i  ' 


-  -v 


■  '  ; 


'■U 


r-* 

-  '  •  v 


*  -  ,V;:  t 


of  Mathematical  Injlruments.  73 

2d.  Divide  360  by  24;  the  quotient  gives  15. 

3d.  Take  the  tranfverfe  diftance  of  15  and  15,  and 
this  will  be  the  chord  of  the  24th  part  of  the  circum¬ 
ference. 

As  there  are  great  difficulties  attending  the  taking 
of  divifions  accurately  from  l'cales  •,  therefore  in  this 
problem,  where  a  diftance  is  to  be  repeated  feveral 
times,  it  will  be  beft  to  proceed  thus. 

With  the  chord  of  60  degrees,  divide  the  circum¬ 
ference  into  fix  equal  parts. 

In  every  divifion  of  60  degrees,  lay  down,  ift.The 
chord  of  1 5  degrees.  2d.  The  chord  of  30  degrees. 
3d.  The  chord  of  45  degrees,  beginning  always  at 
the  fame  point. 

If  methods  like  this  be  purfued  in  all  fimilar  cafes, 
the  error  in  taking  diftances,  will  not  be  multiplied 
into  any  of  the  divifions  following  the  fir  ft. 

Sect.  XIV. 

Some  IJfes  of  the  Scales  oj  Chords . 

THESE  double  fcales  of  chords,  are  more  con¬ 
venient  than  the  fingle  fcales,  fuch  as  defcribed 
on  the  plain  fcale  ;  for  on  the  fe<ftor,  the  radius  with 
which  the  arc  is  to  be  defcribed,  may  be  of  any  length 
between  the  tranfverfe  diftance  of  60  and  60,  when 
the  legs  are  clofe,  and  that  of  the  tranfverfe  diftance 
of  60  and  60,  when  the  legs  are  opened  as  far  as  the 
inftrument  will  admit  of.  But  with  the  chords  on  the 
plain  fcale,  the  arc  defcribed,  muft  be  always  of  the 
fame  radius. 
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PROBLEM  XVIII. 

To  pro tr aft,  or  lay  down ,  a  right  lined  angle ,  bag, 
which  Jhall  contain  a  given  number  of  degrees ,  PI.  VI. 

Case  I.  When  the  degrees  given  are  under  60  :  Sup - 
pofe  4 6.  Fig.  25. 

ift.  At  any  opening  of  the  fedtor,  take  the  tranf- 
verfe  diiiance  of  60  and  60,  (on  the  chords;)  and  with 
this  opening,  defcribe  an  arc  bc. 

2d.  Take  the  tranfverfe  diftance  of  the  given  de¬ 
grees  46,  and  lay  this  diitance  on  the  arc  from  any 
point  b,  to  c  ;  marking  the  extremities  b,  c,  of  the 
laid  diftance. 

3d.  From  the  center  a  of  the  arc,  draw  two  lines 
ac,  ab,  each  palling  through  one  extremity  of  the 
diitance  bc,  laid  on  the  arc  ;  and  thefe  two  lines  will 
contain  the  angle  required. 

Case  II.  When  the  degrees  given  are  more  than  60  : 
Suppofe  143. 

lit.  Describe  the  arc  bc  as  before. 

2d.  Take  the  tranfverfe  diitance  of  4  or  4>  of  the 
given  degrees  148  ;  fuppofe  4  —  494  degrees ;  lay 
this  diitance  on  the  arc  thrice ;  viz.  from  b  to  a ,  from 
a  to  h,  from  h  to  d. 

3d  From  the  center  a,  draw  two  lines  ab,  ad  ; 
and  the  angle  bad  will  contain  the  degrees  required. 

When  an  angle  containing  lefs  than  5  degrees ,  fuppofe 
34,  is  to  he  made ,  it  is  mofl  convenient  to  proceed  thus. 

lit.  Describe  the  arch  dg  with  the  chord  of  60 

degrees. 

2d.  From  fome  point  d,  lay  the  chord  of  60  de¬ 
grees  to  g  ;  and  the  chord  of  564  degrees  (=  60*  — 
34°)  from  d  to  e. 

3d.  Lines  drawn  from  the  center  a,  through  g 
and  e,  will  form  the  angle  age,  of  34  degrees. 

If 
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If  the  radius  of  the  arc  or  circle  is  to  be  of  a  given 
length  *,  then  make  the  tranfverfe  diftance  of  60  and 
60,  equal  to  that  afligned  length. 

Either  of  thefe  lcales  of  chords,  may  be  ufed 
fingly  in  the  manner  direded  in  the  ufe  of  chords  on 
the  plane  fcale. 

From  what  has  been  faid  about  the  protrading  of 
an  angle  to  contain  a  given  number  of  degrees,  it  will 
be  eafy  to  fee  how  to  find  the  degrees  which  are  con¬ 
tained  in  a  given  angle  already  laid  down.  * 

PROBLEM  XIX. 

0  delineate  the  vifual  lines  of  a  furvey ;  by  having 
given ,  the  bearings  and  diftances  from  each  other ,  of  the 
jl at  ions  terminating  thofe  vifual  lines . 

Exam.  Suppofe  in  the  field  book  of  a  furvey.  the 
bearings  and  diftances  of  the  ftations  were  exprefied 
as  follows : 

O  fignifies  Station. 

B  - Bearing. 

D  - Diftance. 

©  i.B  7o°5o'D  1080 links. 

O  2.  B  128  10  D  580. 

G  3.  B  32  j  5  D  605. 

G  4. B287  30  D  7 66. 

O  5-  B  5°  45  D  940. 

O  6.B273  55  D  1005. 

O  7.B  183  25  D  700.  ' 

ReturntoD3 14 in  07.  ©  8.B133  30  D  5101005* 

09.818630D  390  to  02. 

Return toD70oin 07.  Oio. B209  20  D  068  cutting 

[  ft  D. 

ReturntoOio.  ©11.B27530D  800 

©12.8171  50  D  784  to  ©1. 
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The  bearings  are  counted  from  the  North,  Eaft- 
ward.  Therefore  all  the  bearings  under  90  degrees, 
fall  between  the  N.  and  E.  or  in  the  ill  quadrant. 

Be  arings  between  90°  and  180°,  fall  between  the 
E.  and  S.  or  in  the  2d  quadrant. 

Those  between  i8o°and  2  70°,  fall  between  the  S. 
and  W.  or  in  the  3d  quadrant. 

And  thole  between  270°  and  360°,  fall  between  the 
W.  and  N.  or  in  the  4th  quadrant. 

Solution,  i  ft.  Take  from  the  chords  the  tranf- 
verfe  diftanceof  60  and  60,  (the  fedtor  being  opened 
at  pleafiire,)  with  this  radius  defcribe  a  circumference, 
and  draw  the  diameters  NS.  WE.  at  right  angles. 
Pl.  VI.  Fig.  31. 

2d.  The  firft  bearing  70°.  50'  is  in  the  firft  qua¬ 
drant,  but  being  more  than  60®,  take  the  tranfverfe 
diftance  of  the  half  of  70°  50',  and  apply  this  extent 
in  the  circumference  twice  from  N.  towards  E,  and 
the  point  correfponding  to  the  ift  bearing  will  be  ob¬ 
tained,  which  mark  with  the  figure  1. 

3d  The  fecond  bearing  128°  io',  falls  in  the  fe- 
cond  quadrant  j  its  fupplement  to  i8oa  is  51°  50',  that 
is  510  50'  from  the  S.  point.  Now  take  the  tranfverfe 
diftanceof  510  50',  and  apply  it  in  the  circumference 
from  S.  towards  E,  and  the  point  correfponding  to  the 
fecond  bearing  will  be  found,  which  mark  with  the 
figure  2. 

4th.  The  3d  bearing  3.2 0  15',  is  to  be  applied  from 
N.  to  3  :  The  4th  bearing  2S79  30', is  in  the  4th  qua¬ 
drant  ;  therefore  take  it  from  360°,  and  the  remainder 
7 20  3c/,  is  to  be  applied  from  N.  towards  W.  and 
the  point  4  reprefenting  the  4th  bearing  will  be 
known. 

In  this  manner  proceed  with  all  the  other  bearings, 
and  mark  the  correfponding  points  in  the  circumfe¬ 
rence  with  the  numbers  5,  6,  7,  &c.  agreeable  to  the 
number  of  the  bearing  or  ftation, 

5th. 


of  Mathematical  biflrnments .  77 

5th,  Chufe  fome  convenient  point  on  the  paper  to 
begin  at,  as  at  the  place  markt  O  1.  Lay  a  parallel 
ruler  by  c  the  centre  of  the  circle,  and  the  point  in  its 
circumference  marked  1,  and  (  by  the  help  of  the 
ruler;  draw  a  parallel  line  thro*  O  1 ,  the  point  chofe 
for  the  firft  ftation,  in  the  direction  of  the  (fuppofed) 
radius  C 1  ;  and  on  this  line  lay  the  firft  diftance  ;  that 
is,  take  from  a  convenient  fized  fcale  of  equal  parts 
the  extent  of  1080,  and  transfer  this  extent  from  O  1 
toO  2;  and  this  line  will  reprefent  the  firft  diftance 
meafured,  laid  down  according  to  its  true  pofition  in 
refpedt  to  the  circle  firft  defcribed. 

6th.  Lay  the  ruler  by  the  centre  C,  and  the  point  in 
the  circumference  noted  by  the  figure  2,  and  parallel 
to  this  pofition  of  the  ruler,  draw  thro’  the  point  O  2 
aline  O  2  O  3,  in  the  direction  of  the  (fuppofed) 
radius  C  2,  and  on  this  line  lay  from  G  2  to  O  3  the 
extent  580  taken  from  the  fame  fcale  of  equal  parts 
the  1080  was  taken  from,  and  this  line  fhall  reprefent 
the  fecond  meafured  diftance  laid  down  in  its  true  po¬ 
fition  relative  to  the  firft  diftance. 

Proceed  in  this  manner  from  ftation  to  ftation  until 
the  line  0  7  O  10  is  drawn. 

7th.  Take  from  the  fcale  of  equal  parts  314,  and 
apply  this  extent  in  the  line  G  7  G  10  from  G  7  to 
O  8,  and  the  relative  point,  where  the  eighth  ftation 
was  taken,  will  be  reprefentcd  by  the  point  0  8  ;  then 
by  the  parallel  ruler  draw  the  line  G  8  G  5,  in  the 
direction  of,  and  parallel  to,  the  (fuppofed)  radius 
C  8  ;  and  if  the  preceding  work  is  accurately  per¬ 
formed,  this  line  will  not  only  pafs  thro5  the  point 
Q  5,  but  the  length  of  the  line  O  8  G  5  will  be  equal 
to  510,  as  the  ftation  line  was  meafured  in  the  field. 

8th.  Now  as  the  9th  ftation  falls  on  the  fame  point 
as  the  5th  ftation  did,  draw  the  line  O  9  G  2,  and 
this  line  will  not  only  be  parallel  to  the  (fuppofed) 
radius  C  9,  but  will  alfo  meafure  on  the  fcale  of  equal 

parts 
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parts  390,  the  length  meafured  in  the  field  from  the 
9th  ftation. 

9th.  The  1  cth  ftation  is  taken  from  the  end  of  the 
line  700  meafured  from  the  7th  ftation  *,  therefore 
drawing  from  O  10  a  line  parallel  to  the  (fuppofed) 
radius  C  10,  this  line  will  concur  with  the  firft  mea¬ 
fured  line  at  the  diftanceof  668  from  the  point  O  10. 

10th  Returning  to  O  10  again,  the  fame  point  is 
taken  for  the  nth  ftation,  and  the  line  ©  11  O  12  is 
to  be  drawn  parallel  to  the  (fuppofed)  radius  C  1 1,  and 
to  be  made  of  the  length  of  800  from  the  fcale  of 
equal  parts ;  and  this  will  give  the  point  O  1 2  for  the 
1 2th  ftation  :  Then  drawing  the  line  O  12  ©  1,  if 
the  operation  is  every  where  truly  done,  this  line  will 
not  only  be  parallel  to  the  (fuppofed)  radius  C  12,  but 
will  alfo  meafure  on  the  fcale  of  equal  parts  784,,  the 
fame  as  was  meafured  in  the  field  in  proceeding  from 
©  12  to  ©  1. 

By  fuch  methods  as  thefe,  the  furveyor  obtains  a 
cheque  on  his  work,  and  can  make  his  purvey  clofe  (as 
atis  called)  as  he  proceeds. 

The  drawing  of  the  vifual  lines  of  a  furvey  is,  tho* 
an  eflential  part,  but  a  fniall  ftep  towards  the  making 
a  plan  *,  for  the  remaining  work  the  reader  is  refer’d 
to  the  treatifes  already  extant  on  that  fubjedl. 

What  has  been  faid  about  the  delineating  of  the 
vifual  lines  of  a  furvey,  may  be  applied  to  navigation 
in  the  conftrudtion  of  a  figure  to  reprefent  the  various 
courfes  and  diftances  a  fhip  has  failed  in  a  given  time, 
called  traverfe  failing  *,  for  the  courfes  are  the  bearings 
from  the  Meridian,  and  the  diftances  failed  are  of  the 
fame  kind  as  the  diftance  between  ftation  and  ftation 
in  a  furvey. 


Sect, 
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Sect.  XV. 

Some  Ufes  of  the  Logarithmic  Scale  of  Numbers . 

BEFORE  any  operations  can  be  performed  by 
this  fcale,  the  notation,  or  the  eftimating  of  the 
values  of  the  feveral  divifions,  muft  be  well  known. 
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And  the  primary  and  intermediate  divifions  in  each 
interval,  muft  be  eftimated  according  to  the  values 
fet  on  their  extremities,  wz,  at  the  beginning,  mid¬ 
dle  and  end  of  the  fcale. 

In  arithmetical  multiplication,  or  divifion  ;  the 
parts  may  be  confidered  as  proportional  terms  ;  for  in 
fimple  multiplication  ;  as  unity  or  i,  is  to  one  fadtor ; 
fo  is  the  other  fadtor,  to  the  produdt :  And  in  divi¬ 
fion  ;  as  the  divifor,  is  to  unity,  (or  to  the  dividend,) 
fo  is  the  dividend,  (or  unity,)  to  the  quotient. 

Now  as  the  common  logarithms  of  numbers,  ex- 
prefs  how  far  the  ratios  of  their  correfponding  num¬ 
bers  are  diftant  from  unity ;  it  follows,  that  of  thofe 
numbers  which  are  proportional,  that  is,  have  equal 
ratios  •,  their  correfponding  logarithms  will  have  equal 
intervals,  ordiftances  :  and  hence  arifes  the  rule  for 
working  proportionals  on  the  logarithmic  fcale. 

•  Rule.  Set  one  foot  of  the  compaffes  on  the  point 
or  divifion  reprefenting  the  firft  term,  and  extend  the 
other  foot  to  the  point  reprefenting  the  fecond  term  : 
Keep  the  compaffes  thus  opened  *,  fet  one  foot  on  the 
point  expreffmg  the  third  term,  and  the  other  foot 
will  fall  on  the  fourth  term,  or  number  fought. 


Exam.  I.  What  is  the  product  of  3  by  4  ? 

Solution  Set  one  foot  on  the  1  at  the  beginning, 
and  extend  the  other  to  3,  in  the  firft  interval  ;  with 
this  opening,  fet  one  foot  on  4,  in  the  firft  interval, 
and  the  other  foot  will  reach  to  12,  found  in  the  fe¬ 
cond  interval. 

Obferve .  In  this  Exam,  the  1,  3,  and  4,  are  va¬ 
lued  as  units  in  the  firft  interval  *,  and  the  one  in  the 
middle  is  10 ;  the  diftance  between  this  1  or  10,  and 
the  2  or  20,  in  the  fecond  interval,  is  divided  into  10 
principal  parts,  exprefs’d  by  the  longer  ftrokes;  every 
one  in  this  Exam,  is  taken  as  an  unit ;  now  as  the 
point  of  the  compaffes  falls  on  the  fecond  of  thefe 

principal 
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principal  parts,  that  is  on  2  units  beyond  io  *,  there¬ 
fore  this  point  is  to  be  efteemed  in  this  Exam,  as  12. 

Exam.  II.  What  is  the  pro  duff  of  40  by  3  ? 

Solution.  In  the  firft  interval,  take  the  diftance 
between  1  and  3  *,  and  this  diftance  will  reach  from 
(4  or)  40  in  the  firft  interval  to  (12  or)  120  in  the 
fecond  interval. 

Obferve.  The  1  and  3  in  the  firft  interval,  are  taken 
as  units  :  but  as  the  values  given  to  the  divifions  in 
either  interval,  may  as  well  be  call’d  40,  as  4;  and 
being  taken  as  40,  the  1  at  the  beginning  of  the 
fecond  interval  will  be  ico  ;  and  the  2  in  the  fecond 
interval  will  be  200  :  confequently  the  principal  di¬ 
vifions  between  this  1  and  2  will  each  exprefs  10;  and 
fo  the  fecond  of  them  will  be  20,  which  with  the  ioo, 
exprefs’d  by  the  1,  makes  120.  1 


Exam.  III.  What  is  the  prcdudl  of  35  by  24  ? 

Solution.  The  diftance  from  i  in  the  firft  inter¬ 
val,  to  24  in  the  fecond,  will  reach  from  25  in  the 
firft  interval,  to  840  in  the  fecond. 

Obferve.  In  the  firft  application  of  the  compafies, 
the  primary  divifions  in  the  firft  interval  are  taken  as 
units,  and  thofe  in  the  fecond  interval,  as  tens  :  Butin 
the  fecond  application,  the  primary  divifions  in  the 
firft  interval  are  reckon’d  as  tens  •,  and  thofe  in  the 
fecond,  as  hundreds. 

As  the  extent  out  of  one  interval  into  the  other, 
may  fometimes  be  inconvenient,  it  will  be  proper  to 
fee  in  fuch  cafes,  how  the  example  may  be  folved  in 
one  interval.  Thus, 

In  either  interval,  take  the  extent  from  i  to  2 
(i.  e.  24)  and  this  extent,  (in  either  interval)  will 


reach  f  rom  3-^ 


(i.  e.  35)  to  (i.  e.  840-) 

10,0 
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In  this  operation  ;  the  fecond  term  is  reckoned  a 
tenth  higher  than  the  firft  term  ;  therefore,  as  it  falls 
in  the  fame  interval,  the  fourth  term  mu  ft  be  a  tenth 
higher  than  the  third  term. 

Exam.  IV.  What  is  the  product  of  375  by  60  ? 

Solution.  The  extent  from  1  to  6,  (or  60)  in  the 

firft  interval  will  reach  from  3— (=3-^  or  375)  in 

10  100 

the  firft  interval,  to  2  in  the  fecond  interval ; 
which  divifion  muft  be  reckoned  22500  :  For  had  the 
point  fell  in  the  firft  interval,  it  would  have  been  one 
place  more  than  the  375,  becaufe  60  is  one  place 
more  than  1  *,  but  as  it  falls  in  the  fecond  interval, 
every  of  whofe  divifions  is  one  place  higher  than  thofe 
in  the  firft  interval,  therefore,  it  muft  have  two 
places  more  than  375,  which  is  taken  in  the  firft  in¬ 
terval. 

If  the  operations  in  thefe  examples  be  well  con- 
fidered,  it  will  not  be  difficult  to  apply  others  to  the 
fcale,  and  readily  to  affign  the  value  of  the  refult. 

Exam.  V.  What  will  be  the  quotient  of  36  divided  by  4? 

Solution.  The  extent  from  4  to  1,  in  the  firft  in¬ 
terval,  will  reach  from  36  in  the  fecond  interval  to 
nine  in  the  firft. 

It  is  to  be  obferved,  that  when  the  fecond  term  is 
greater  than  the  firft  term;  the  extents  are  reckoned 
from  the  left  hand  towards  the  right  :  and  when  the 
fecond  term  is  lefs  than  the  firft,  the  extents  are  taken 
from  the  right  hand  towards  the  left :  that  is,  the  ex¬ 
tents  are  always  counted  the  fame  way  towards  which 
the  terms  proceed. 


Exam, 
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Exam.  VI.  If  144  be  divided  by  9  ;  what  will  be  the 

quotient  t 

Solution.  The  extent  from  9  to  1,  will  reach  from 
144  to  36. 

Exam.  VII.  7^1728  be  divided  by  12  ;  what  will  be 

the  quotient  ? 

Solution.  The  extent  from  12  to  1,  will  reach 
from  1728  to  144. 

Exam.  VIII.  To  the  numbers  3,  8,  15  ;  find  a  fourth 

proportional. 

Solution.  The  extent  from  3  to  8  ;  will  reach  from 

1 5  to  40. 

Exam.  IX.  To  the  numbers  5,  12,  385  find  a  4th  pro* 

portionaL 

Solution.  The  extent  from  5  to  12,  will  reach 
from  38  to  91  4* 

Exam.  X.  To  the  numbers  18,  4,  3645  find  a  4th 

proportional. 

Solution.  The  extent  from  18  to  4;  will  reach 
from  364  to  80  ~. 

Exam.  XI.  To  two  Numbers  1  and  2  ;  to  find  a  feries  of 

continued  proportionals. 

Solution.  The  extent  from  1  to  2,  will  reach  from 

2  to  4  ;  from  4  to  8  in  the  fir fb  interval ;  from  8  to 

1 6  in  the  fecond  interval ;  from  1 6  to  32  ;  from  32  to 
64  •,  &c.  Alfo  the  fame  extent  will  reach  from  1  ~  to 

3  •,  from  3  to  6  *  from  6  to  12  ;  from  12  to  24  ; 
from  24  to  48  *,  &c  And  the  fame  extent  will  reach 
from  2  i  to  5  ;  from  5  to  10  ;  from  10  to  20  ;  from 
20  to  40  *,  &c.  And  in  a  like  manner  proceed,  if  any 

other  ratio  was  given  befides  that  of  1  to  2. 

'  %  » 
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This  Example  is  of  ufe,  to  find  if  the  divifions  of 
the  line  of  numbers,  are  accurately  laid  down  on  the 
fcale. 

There  are  many  other  ufcs  to  which  this  fcale  of 
log.  numbers  are  applicable,  and  on  which  feveral 
large  treatifes  have  been  wrote  ;  but  the  defign  here, 
is  not  to  enter  into  all  the  ufes  of  the  fcales  on  the 
fe&or,  only  to  give  a  few  examples  thereof:  but  after 
all  that  has  been  faid,  when  examples  are  to  be  wrought 
whofe  refult  exceeds  three  places,  9tis  bell  to  do  it  by 
the  pen,  for  on  inflruments,  altho*  they  be  very  large 
ones,  the  lowed:  places  of  the  anfwers,  at  belt,  are  but 
guefs’d  at. 


Sect.  XVI. 

Some  ufes  of  the  Scales  of  Log .  Sines  and  Log . 

tangents. 

THESE  fcales  are  chiefly  ufed  in  the  folution 
of  the  cafes  of  plain  and  fpherical  trigonome¬ 
try,  which  will  be  fully  exemplified  hereafter  :  But  in 
this  place,  it  will  be  proper  to  fhew,  how  propor¬ 
tional  terms  are  applied  to  the  fcales. 

In  plane  trigonometrical  proportions,  there  are  al¬ 
ways  four  terms  under  confideration  \  fuppofe  two 
Tides  and  two  angles,  whereof,  only  three  of  the  terms 
are  given,  and  the  fourth  is  required :  Now  the  fides 
in  plane  trigonometry,  are  always  applied  to  the  fcale 
of  log.  numbers  \  and  the  angles  are  either  applied 
to  the  log.  fines,  or  to  the  log.  tangents ;  according  as 
the  fines  or  tangents  are  concerned  in  the  proportion. 
Therefore,  when  among  the  three  things  given,  if 
two  of  them  be  fides,  and  the  other  an  angle  j  or  if 
two  terms  be  angles,  and  the  other  a  fide. 

Rule.' 
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Rule.  On  the  fcale  of  log.  numbers,  take  the  ex¬ 
tent  between  the  divifions  exprefling  the  (ides  j  and 
this  extent  applied  from  the  divifion  exprefling  the  an¬ 
gle  given,  will  reach  to  the  divifion  (hewing  the  angle 
required. 

Or,  the  extent  of  the  angles  taken,  will  reach  from 
the  fide  given  to  the  fide  required,  on  the  line  of 
numbers. 

So  in  fpherical  trigonometry,  where  fome  of  the 
cafes  are  worked  wholly  on  the  fines,  others  partly  on 
fines,  and  partly  on  tangents  •,  the  extent  taken  with 
the  compaflfes,  between,  the  firft  and  fecond  terms, 
when  thofe  terms  are  of  the  fame  kind,  will  reach 
from  the  third  term  to  the  fourth. 

Or,  the  extent  from  the  firil  term  to  the  third, 
when  they  are  of  the  fame  kind,  will  reach  from  the 
fecond  term  to  the  fourth. 

* 

Sect.  XVII. 

Someitfes  of  the  double  Scales  of  Sines ,  Tangents,  and 

Secants . 

PROBLEM  XX. 

Given  the  radius  of  a  circle  (  fuppofe  equal  to  2  inches ) 
required  the  fine ,  and  tangent  of  28®  30'  to  that  radius. 

Solution.  Open  the  fedlor  fo  that  the  tranfverfe 
diftanceof  90  and  90,  on  the  fines ;  or  of  45  and  45 
on  the  tangents  5  may  be  equal  to  the  given  radius  ; 
viz.  two  inches  :  Then  will  the  tranfverfe  diftance  of 
28°  30',  taken  from  the  fines,  be  the  length  of  that 
fine  to  the  given  radius ;  or  if  taken  from  the  tangents, 
will  be  the  length  of  that  tangent  to  the  given  radius* 
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But  if  the  fecant  of  2  8°  *30'  was  required  ? 

Make  the  given  radius  two  inches,  a  tranfverfe 
diftance  to  o  and  o,  at  the  beginning,  of  the  line 
of  fecants  ;  and  then  take  the  tranfverfe  diftance  of 
the  degrees  wanted,  viz.  28°  30'. 

A  Tangent  greater  than  45  degrees  ( fuppofe  60  de¬ 
grees)  is  found  thus. 

Make  the  given  radius,  fuppofe  2  inches,  a  tranfverfe 
diftance  to  45  and  45  at  the  beginning  of  the  fcale  of 
upper  tangents  ;  and  then  the  required  degrees  6o°  00' 
may  be  taken  from  this  fcale. 

The  fcales  of  upper  tangents  and  fecants  do  not  run 
quite  to  76  degrees;  and  as  the  tangent  and  fecant 
may  be  fometimes  wanted  to  a  greater  number  of  de¬ 
grees  than  can  be  introduced  on  the  fedtor,  they  may 
be  readily  found  by  the  help  of  f the  annexed  table  of 
the  natural  tangents  and  fecants  of  the  degrees  above 
25*  the  radius  of  .the  circle  being  unity. 


Degrees. 

Nat.  Tangent. 

Nat.  Secant.] 

76 

4,on 

4» 1 33 

77 

4>33r 

4,44  5 

78 

4,701 

4,8lO 

79 

5*I44 

5>24r 

80 

5>67j 

5, 759 

81 

6,314. 

6,392 

82 

7’II5 

7,185 

83 

8,144 

8,205 

84 

9’5H 

9,567 

85 

n>43° 

h,474 

86 

14,301 

14,335 

87 

19,08  r 

19,107 

88 

28,636 

28,654 

89 

5  7, 7  9° 

1  57^3°° 

Meafure 

1 
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Meafure  the  radius  of  the  circle  ufed,  upon  any  fcale 
of  equal  parts.  Multiply  the  tabular  number  by  the 
parts  in  the  radius,  and  the  product  will  give  the  length 
of  the  tangent  or  fecant  fought,  to  be  taken  from  the 
fame  fcale  of  equal  parts. 

Exam.  Required  the  length  of  the  tangent  and  fecant 
of  So  degrees  to  a  circle  whofe  radim ,  meafured  on  a  fcale 
of  25  parts  to  an  inch ,  is  47-^  of  thoje  parts  ? 


tangent.  fecant. 

Againfl  80  degrees  {lands  5,67 1  5,759 

The  radius  is  47,5  47,5 


28355  28795 

39697  40313 

22684  23036 


269,3725  273,5525 


So  the  length  of  the  tangent  on  the  twenty-fifth 
fcale  will  be  269-^  nearly.  And  that  of  the  fecant 
about  2734- 

Or  thus.  The  tangent  of  any  number  of  degrees 
may  be  taken  from  the  fe&or  at  once  ;  if  the  radius 
of  the  circle  can  be  made  a  tranfverfe  dillance  to  the 
complement  of  thofe  degrees  on  the  lower  tangent. 

Exam.  "To  find  the  tangent  of  78  degrees  to  a  radius 
of  2  inches . 

Make  two  inches  a  tranfverfe  diflance  to  12  degrees 
on  the  lower  tangents  •,  then  the  tranfverfe  diflance  of 
45  degrees  will  be  the  tangent  of  78  degrees. 

In  like  manner  the  fecant  of  any  number  of  degrees 
may  be  taken  from  the  fines,  if  the  radius  of  the  cir¬ 
cle  can  be  made  a  tranfverfe  diflance  to  the  cofine  of 
thofe  degrees.  Thus  making  two  inches  a  tranf¬ 
verfe  diflance  to  the  fine  of  1 2  degrees  ;  then  the  tranf¬ 
verfe  diflance  of  90  and  90  will  be  the  fecant  of  78 
degrees. 

From  hence  it  will  be  eafy  to  find  the  degrees 
anfwering  to  a  given  line,  exprefling  the  length  of  a 

G  4  tangen 
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tangent  or  fecant,  which  is  too  long  to  be  meafured 
on  thole  fcales,  when  the  fedor  is  fet  to  the  given 
radius. 

Thus,  For  a  tangent,  make  the  given  line  a  tranft 
verfe  diftance  to  45  and  45  on  the  jower  tangents  ; 
then  take  the  given  radius  and  apply  it  to  the  lower  . 
tangents  *,  and  the  degrees  where  it  becomes  a  tranf- 
verfe  diftance  is  the  cotangent  of  the  degrees  anfwer¬ 
ing  to  the  given  line. 

And  for  a  fecant.  Make  the  given  line  a  tranf- 
verfe  diftance  to  90  and  90  on  the  fines.  Then  the 
degrees  anfwering  to  the  given  radius  applied  as  a 
tranfverfe  diftance  on  the  lines,  will  be  the  co-fine 
of  the  degrees  anfwering  to  the  given  fecant  line. 

PROBLEM  XXL 

Given  the  length  of  the  fine ,  tangent ,  or  fecant ,  of 
a '  y  degrees  ;  to  find  the  length  of  the  radius  to  that  fine , 
tangent ,  or  fecant. 

Make  the  given  length,  a  tranfverfe  diftance  to  its 
given  degrees  on  its  refpedive  fcale  :  Then, 

In  the  fines.  The  tranfverfe  diftance  of  90  and  90 
will  be  the  radius  fought. 

In  the  lower  tangents.  The  tranfveife  diftance  of 
45  and  45  near  the  end,  of  the  fedor  will  be  the  radius 
fought. 

In  the  upper  tangents.  The  tranfverfe  diftance  of  4/; 
and  45  taken  towards  the  centre  of  the  fedor  on  the 
line  ol  upper  tangents,  will  be  the  centre  fought. 

In  the  fecant s.  The  tranfverfe  diftance  of  o  and  o, 
or  the  beginning  of  the  fecants,  near  the  centre  of  the 
iedpr,  will  be  the  radius  fought. 


PR  OB- 

2  V  *  ■  .  . 
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PROBLEM  XXII. 

Given  the  radius  and  any  line  reprefenting  a  fine ,  tan¬ 
gent  or  fecant ;  to  find  the  degrees  correfponding  to  that 
line. 

Solution.  Set  the  fedlor  to  the  given  radius,  ac¬ 
cording  as  a  fine,  or  tangent,  or  fecant  is  concerned. 

Take  the  given  line  between  the  compaffes  ;  apply 
the  two  feet  tranfverfly  to  the  fcale  concerned,  and 
Aide  the  feet  along  till  they  both  left  on  like  divi- 
fions  on  both  legs  ^  then  will  thofe  divifions  fhew 
the  degrees  and  parts  correfponding  to  the  given 
Jine. 

PROBLEM  XXIII. 

T 0  find  the  length  of  a  verfed  fine  to  a  given  number 
cf  degrees ,  and  a  given  radius. 

Make  the  tranfverfe  diftanceof  90  and  90  on  the 
fines,  equal  to  the  given  radius. 

Take  the  tranfverfe  diftance  of  the  fine  comple¬ 
ment  of  the  given  degrees. 

If  the  given  degrees  are  lefs  than  90,  the  difference 
between  the  fine  complement  and  the  radius,  gives 
the  verfed  fine. 

If  the  given  degrees  are  more  than  90,  the  fum  of 
the  fine  complement  and  the  radius,  gives  the  verfed 
fine. 

PROBLEM  XXIV. 

To  open  the  legs  of  the  feftor ,  fo  that  the  correfponding 
double  fcales  of  lines,  chords ,  fines ,  tangent s,  may  makey 
each,  a  right  angle . 

On  the  lines,  make  the  lateral  diftance  10,  a  diftance 
between  8  on  one  leg,  and  6  on  the  other  leg. 

On  the  fines,  make  the  lateral  diftance  90,  a  tranf¬ 
verfe  diftance  from  45  to  45  ;  or  from  40  to  50  ;  or 
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from  30  to  60  ;  or  from  the  fine  of  any  degrees,  to 
their  complement. 

Or  on  the  fines ,  make  the  lateral  diftance  of  45  a 
tranfverfe  diltance  between  30  and  30. 

PROBLEM  XXV. 

To  defcrihe  an  Ellipfis ,  having  given  ab  equal  to  the 
longeft  diameter  \  and  cd  equal  to  the  fihorteft  diameter. 


Solution,  i  ft. 
Set  the  two  diame¬ 
ters  ab,  cd,  at  right 
angles  to  each  other 
B  in  their  middles  at 

E. 

2d.  Make  ae  a 
tranfverfe  diameter 
to  90  and  90  on  the 
fines  \  and  take  the  tranfverfe  diftances  of  io°,  20% 
30%  40°,  50°,  6o°,  700,  8o°,  fucceflively,  and  apply 
thofe  diftances  to  ae  from  e  towards  a,  as  at  the 
points  1,  2,  3,  4,  5,  6,  7,  8  ;  and  thro5  thofe  points 
draw  lines  parallel  to  ec. 

3d.  Make  ec  a  tranfverfe  diftance  to  90  and  90 
on  the  fines ;  take  the  tranfverfe  diftances  of  8o°,  70% 
6o°,  50°,  40°,  30%  200,  io°,  fucceftively,  and  apply 
thofe  diftances  to  the  parallel  lines  from  1  to  1,  2  to  2, 
3  to  3,  4  to  4,  5  to  5,  6  to  6,  7  to  7,  8  to  8,  and 
fo  many  points  will  be  obtained  thro’  which  the  curve 
of  the  ellipfis  is  to  pafs, 

The  fame  work  being  done  in  all  the  four  quadrants, 
the  elliptical  curve  may  be  compleated. 

This  Problem  is  of  confiderable  ufe  in  the  con- 
ftrubtion  of  folar  Eclipfes ;  but  inftead  of  ufing  the 
fines  to  every  ten  degrees,  the  fines  belonging  to  the 
degrees  and  minutes  correfponding  to  the  hours,  and 
quarter  hours  are  to  be  ulech 

v  To 
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PROBLEM  XXVI. 

0  defcribe  a  Parabola  whofe  'parameter  fall  be  equal  to 

a  given  line . 

Solution  ift. 

Draw  aline  to  re- 
prefent  the  axis, 
in  which  make 
ab  equal  to  half 
the  given  para¬ 
meter*,  divide  a  b 
like  a  line  of  fines 

to  every  ten  de-  a/ 

grees,  as  at  the  points  10,  20,  30,  40,  50,  £s?r.  and 
thro5  thefe  points  draw  lines  at  right  angles  to  the 
axis  ab. 

2d.  Make  the  lines  Aa ,  io£,  20c,  30 d,  40*?, 
reipedively  equal  to  the  chords  of  90°  80®,  70°,  60% 
509,  &c .  to  the  radius  ab,  and  the  points  a ,  b,  c ,  d>  ey 
&c.  will  be  in  the  curve  of  a  parabola. 

Therefore  a  fmooth  curve  line  drawn  thro5  thofe 
points  and  the  vertex  b,  will  reprelent  the  parabolic 
curve  required. 

The  like  work  may  be  done  on  both  fides  of  the 
axis  when  the  whole  curve  is  wanted. 

As  the  chords  on  the  fedor  run  no  farther  than  60, 
thofe  of  70,  80  and  90  may  be  found  by  taking  the 
tranfverfe  diftance  of  the  fines  of  350,  40°,  450  to  the 
radius  ab,  and  applying  thofe  diftances  twice  along 
the  lines  2Qc>  10 b>  &c. 
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PROBLEM  XXVII. 

To  defer  the  an  Hyperbola,  the  vertex  a  and  ajjymptotes 

bh,  bi,  being  given . 

Solution  ift.  The  af- 
fymptotes  bh,  bi,  being  drawn 
in  any  pofirion,  the  line  ba, 
bifedting  the  angle  ibh,  and 
C  the  vertex  a  taken,  draw  ai, 
D  ac,  parallel  to  bh,  bi. 

E  2d.  Make  ac  a  tranfverfe 
F  diftance  to  45  and  45  on  the 
upper  tangents,  and  apply 
G  to  the  aftymptotes  from  b, 
fo  many  of  the  upper  tan¬ 
gents  taken  tranfverfly  as  may 
K  be  thought  convenient,  as 
,  bg  65°,  bh  70%  He,  and  draw 
J>d,  Ee,  &c.  parallel  to  ac. 

3d.  Make  ac  a  tranfverfe  diftance  to  45  and  45  on 
the  lower  tangents,  take  the  tranfverfe  diftance  of  the 
co-tangents  before  ufed,  and  lay  them  on  thofe  pa¬ 
rallel  lines  *,  thus  make  0^=40°,  e^— 35%  Ff— 30% 
Gg—250,  h£~2o°,  &c.  and  thro5  the  points  a,  d,  e,f, 
g,  k,  &c.  If  a  curve  line  be  drawn  it  will  be  the  hy¬ 
perbola  required. 

There  are  many  other  methods  of  conftrudling  the 
curves  in  the  three  laft  problems,  and  a  multitude  of 
entertaining  and  ufeful  properties  which  fubfift  among 
the  lines  drawn  within  and  about  thefe  curves,  which 
the  inquifitive  reader  will  find  in  the  treatifes  on  conic 
left  ions, 


PRO- 
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PROBLEM  XXVIII. 

To  find  the  di fiance  of  places  on  the  t err efirial  globe  by 
having  given  their  latitudes  and  longitudes . 

This  problem  confifls  of  fix  cafes. 

Case  I.  If  both  the  places  are  under  the  equator. 
Then  the  difference  of  longitude  is  their  diflance. 
Case  II.  When  both  places  are  under  the  fame 
meridian. 

Then  the  difference  of  latitude  is  their  difiance. 

Case  III.  When  only  one  of  the  places  has  latitude, 

but  both  have  different  longitudes. 

^  / 

Exam.  IJland  of  Bermudas,  lat.  320  25' N .  longit. 
68°  38'  W.  IJland  of  St.  Thomas,  lat  o  o,  longit. 

i#  o  E. 

Required  their  diflance. 

Solution  i ft.  With  the 
chord  of  6o°  defcribe  a  circle 
reprefentingthe  equator,  where¬ 
in  take  a  point  c  to  reprefent 
the  beginning  of  longitude. 

2d.  From  c  apply  the  chord 
of  Bermudas  longitude  68°  38' 
to  b,  and  that  of  St.  Thomas's 
longitude  to  a,  the  arc  ab, 
being  the  difference  of  longitude. 

3d.  From  B,  the  place  having  latitude,  draw  the 
diameter  bd,  apply  the  chord  of  the  latitude  320  25, 
from  b  to  e,  and  draw  ef  at  right  angles  to  bd. 

4th.  Draw  fc,  make  fg,  equal  to  fc,  and  draw 
eg  ;  then  eg  mealured  on  the  chords  will  give  the 
diflance  fought,  about  73  degrees. 

Case  IV.  When  the  given  places  are  in  the  fame 
parallel  of  latitude. 
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Exam.  Required  the  diftance  between  the  Lizard  and 
Peng  win  IJland ,  both  in  latitude  49  °,  56'  N.  the  longi¬ 
tude  of  the  Lizard  being  50  14'  W.  and  that  0/Pengwin 
IJland  50°  32'  W.- 

Solution  ift.  From  c,  the 
commencement  of  the  longi¬ 
tude,  apply  the  chord  of  the 
Lizard’s  longitude  to  a,  and  of 
Penguin’s  longitude  to  b,  and 
draw  the  diameters  a ay  b b. 

Apply  the  chord  of  the 
common  latitude  490  56'  from 
a  to  d,  and  from  b  to  e  ;  draw 
df  and  eg  at  right  angles  to 
a  a,  B  b,  and  join  gf  ;  then  gf  meafured  on  the  chords 
will  give  the  diftance  fought,  about  29  degrees. 

Case  V.  When  the  given  places  are  on  the  fame 
fide  of  the  equator,  but  differ  both  in  latitude  and 
longitude. 

Exam.  What  is  the  difiance  between  London  in  lati¬ 
tude  510  32'  N.  longitude ,  o°  o'  and  Bengal  in  latitude 
220  o'  N.  longitude  920  45'  E. 

^  Solution.  From  a,  Lon¬ 

don’s  longitude,  apply  Bengal’s 
longitude  920  45'  to  c,  ta¬ 
ken  from  the  chords  ;  alfo 
apply  the  chord  of  London’s 
latitude  from  a  to  b,  and  of 
Bengal’s  latitude  from  c  to  d. 

2d.  Draw  the  diameters  Aay 
c c,  and  be,  df,  at  right  angles 
to  a^,  cr,  and join  fe. 

3d.  Make  bg  equal  to  df,  and  eh  equal  to  ef, 
join  gh  *,  Thus  gh  meafured  on  the  chords  will  give 
the  diftance  required,  which  is  about  72  degrees. 


Case 
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Case  VI.  When  the  places  are  on  contrary  Tides  of 
the  equator,  and  differ  both  in  latitude  and  longi¬ 
tude. 

Exam.  What  is  the  difiance  between  London  in  la - 
titude  51*  32'  N.  longitude  o°  o'  and  Cape- Horn  in  la - 
titude  550  42'  S.  longitude  66°  00'  W. 


Solution  iff.  From  a,  Lon¬ 
don’s  longitude,  apply  the  chord 
of  Cape-Horn9  s  longitude  to  c, 
draw  the  diameters  Aa9  cc ;  alfo 
apply  the  chords  of  London9 s  la¬ 
titude  from  a  to  b,  and  of 
Horn's  latitude  from  c  to  d. 

2d.  Draw  be  and  d  f  at  right 
angles  to  a a9  cc  ;  join  ef  and 
make  eg  equal  to  ef. 

3d.  At  right  angles  to  Aa9  draw  gh,  and  make  it 
equal  to  df  ;  join  bh,  which  meafured  on  the  chords 
will  give  the  diftance  required,  which  is  about  123 
degrees. 

To  meafure  bh  on  the  chords  apply  bh  from  b  to  1, 
and  meafure  the  arc  bc  i. 


Sect.  XVII. 

The  Ufe  of  fome  of  the  Jingle  and  double  Scales ,  ap¬ 
plied  in  the  Solution  of  the  Cafes  of  plain  Trigo¬ 
nometry. 

PROBLEM  XXIX.  * 

IN  any  right  lin'd  plane  triangle ,  any  three  of  the  fix 
terms9  viz.  fides  and  angles ,  (provided  one  of  them 
be  a  fide )  being  given9  to  find  the  other  three . 


This 
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This  problem  confifts  of  three  cafes. 

Case  I.  when  among  the  things  given,  there  be  $ 
fide  and  its  oppofite  angle. 

Case  II.  When  there  is  given  two  Tides  and  the  in« 
eluded  angle. 

Case  III.  When  the  three  Tides  are  given. 


Solution  of  C  AS  E  L 

The  Solution  of  the  examples  falling  under  this 
cafe  depend  on  the  proportionality  there  is  between 
the  tides  of  plane  triangles,  and  the  fines  of  their 
©ppofite  angles. 


Example  f. 

In  the  triangle  ABC  :  Given  AB= 

AC—64  jeclual  Parts* 

z.B=46°  30' 

Required  A,  &  BC. 

The  proportions  are  as  follow, 

As  fide  ac  :  fide  ab  : :  fine  L.  b  :  fine  L.  c. 

Then  the  fum  of  the  angles  b  and  c  being  taken  from 
1800,  will  leave  the  angle  a. 

And  as  fine  Z-b  :  fine  Z.a  : :  fide  ac  :  fide  cb. 


Fir  ft  by  the  logarithm  feales. 

F 0  find  the  angle  c. 

The  extent  from  64  (=ac)  to  56  (=ab)  on  the 
feales  of  logarithm  numbers,  will  reach  from  46°  3°' 
(~Z_b)  to  390  24',  (=Z-c.)  on  the  fcalc  of  logarithm 
fines. 

And  the  fum  of  46°  30'  and  39°24'is  85°  54' 

Then  85°  54'  taken  trom  180%  leaves  940  6'  for 
the  angle  a. 

Te 


97 


of  Mathematical  Injlruments . 

To  find  the  fide  bc. 

The  extent  from  46°  30 '  (=z.b)  to  54'  the 
fupplementof  940  6'  (—z.a)  on  the  fcale  of  log.  fines, 
will  reach  from  64  (=ac),  to  88  (=b c),  on  the 
fcale  of  logarithm  numbers, 

Secondly  by  the  double  Scales , 

To  find  the  Angle  c. 

t.  Take  the  lateral  diftance  of  64  (=ac)  from 
the  lines. 

2.  Make  this  a  tranfverfe  diftance  of  4 6°  30'  (— -z_b) 
on  the  fines. 

3.  Take  the  lateral  diftance  of  56  (=ab)  on  the 
lines. 

4.  Find  the  degrees  to  which  this  extent  is  a  tranf¬ 
verfe  diftance  on  the  fines,  viz.  390  2 4' 5  and  this  is 
the  angle  fought. 

\  / 

To  find  the  fide  bc. 

t.  Take  the  lateral  diftance  of  64  (ztac)  from  the 
lines. 

2.  Make  this  a  tranfverfe  diftance  of  46°  30' 
(c=Z-B)  on  the  fines. 

3.  l  ake  the  tranfverfe  diftance  of  85°  54'  (the  fup- 
plement  of  940  6'  =  L.  a)  on  the  fines. 

4.  Find  the  lateral  diftance  this  extent  is  equal  to, 
on  the  lines;  and  this  diftance,  viz.  88,  will  be  the 
fide  required. 

Ex.  II.  In  the  triangle  abc  PI.  VI*  Fig,  27* 

Given  bc  =  74 

Z-B  r=  1O40  o' 
z_c  =  280 
Required  ab  &  ac. 

Now  the  fum  of  104°  o'  and  28°  o'  is  132  0  O'# 

And  1 3 20  o'  taken  from  180,  leaves  48°  o'  for 
the  angle  a. 

H  Ihe 


9  8  Sthe  Defcription  and  Ufe 


The  proportions  are. 

As  fine  Aa  :  fine  Lc  : :  fide  bc  :  fide  ab. 

And  as  fine  La  :  fine  Lb  : :  fide  bc  :  fide  ac. 

Firft ,  by  the  Logarithm  Scales. 

» 

To  find  ab. 

The  extent  from  48°  o'  ( —  La)  to  28°  o'  (  —  Lc) 
on  the  fcaie  of  logarithm  fines,  will  reach  from  74 
(— bc)  to  46,  75,  (=ab,)  on  the  fcaie  of  logarithm 
numbers. 

Lo  find  ac. 

/  #  f  / 

/  .  • 

.  r  .  < 

The  extent  from  48®  o'  to  76°  o'  (—  fupplement 
of  104°  o')  on  the  fcaie  of  log.  fines,  will  reach  Irom 
74  to  96,  0  (=Ac)on  the  fcaie  of  logarithm  numbers. 

Secondly  by  the  double  Scales. 

So  find  ab. 

/  '  /  ‘  .  1  .  '  . ' 

1.  Take  the  lateral  diftance  74  (—  bc)  on  the 
fines. 

2.  Make  this  extent  a  tranfverfe  difiance  to  48°  o' 
(e=  La)  on  the  fines. 

3.  Take  the  tranfverfe  diftance  of  28°  o'  Lc ) 
on  the  fines. 

4.  To  this  extent  find  the  lateral  difiance  on  the 

lines,  viz.  and  this  will  be  the  length  of  ab. 

To  find  ac. 

'  *  /  .  |  » 

1.  Take  the  lateral  diftance  74  (=  bc)  on  the 
lines. 

2.  Make  this  extent  a  tranfverfe  diftance  to  48°  o' 
(=  La)  on  the  fines. 


3- 
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3.  Take  the  tranfverfe  diftance  to  76°  o'  the  fup- 
plement  of  104°  o'  (—  Z.b)  on  the  fines. 

4.  To  this  extent,  find  the  lateral  diftance  on  the 
lines,  viz.  96,  6,  and  this  will  be  the  length  of  ac. 

Solution  of  C  A  S  E  II. 

The  folution  of  this  cafe  depends  on  a  well  known 
theorem,  viz. 

As  the  fum  of  the  given  fide9 

Is  to  the  difference  of  thofe  Tides, 

So  is  the  tangent  of  the  half  fum  of  the  unknown 
angles 

To  the  tangent  of  the  half  difference  of  thofe  an¬ 
gles. 

And  the  angles  are  readily  found  by  their  half  fum 
and  half  difference  being  known. 

Ex.  III.  In  the  triangle  abc,  PL  VI.  Fig.  28.' 

Given  bc  ~  74 
BA  =:  52 
Z.b  =  68°  o' 

Required  LA  j  lcj  &  ac. 

Preparation. 

Take  the  given  angle  68°  o'  from  180°,  and  half 
the  remainder,  viz.  56°  o'  is  the  half  fum  of  the  un¬ 
known  angles  which  call  z ;  and  let  x  ftand  for  the 
half  difference  of  thofe  angles. 

Also  find  the  given  fum  of  the  Tides,  viz.  bc-J-b  a 

~i  z6. 

And  take  the  difference  of  thofe  Tides,  viz.  bc— 

BA=22. 

Then  the  proportions  are 

As  bc+ba  :  bc — ba  :  :  tan.  z  :  tan.  x. 

Then  the  fum  of  z  and  x  gives  the  greater  angle  a. 

H  a 
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The  difference  of  z  and  x  gives  the  leffer  angle  c. 
And  as  fine  z.c  :  fine  z.b  : :  fine  ba  :  fide  ac. 

Firft  by  the  Logarithm  Scales . 


To  find  the  tangent  of  n. 

Take  the  extent  from  126  (~  fum  of  the  given 
fides)  to  22  (=diff.  of  thofe  fides)  on  the  fcale  of 
logarithm  numbers ;  lay  this  extent  from  45®  o'  to 
the  left  on  the  logarithm  tangents  *,  ftay  the  lowed: 
point,  and  bring  that  which  refted  on  45  degrees,  to 
56 0  remove  the  compafs,  and  this  extent  laid  from 
450  o'  towards  the  left,  gives  14  .  31' equal  n. 

Then  the  fum  of  56°  o' and  i4°3i/  or  70*  31' 
is  the  angle  a. 

And  140  31'  taken  from  56°  o'  leaves  41*  29'  for 
he  angle  c. 

To  find  ac. 


The  extent  from  41 0  29'  (=.  z_c)  to  68°  o'  (=  jl  b) 
on  the  logarithm  fines,  will  reach  from  52  baJ  to 
72,  75  (=  ac)  on  the  fcale  of  logarithm  numbers. 

In  finding  the  tangent  of  (n,  or)  the  half  diffe¬ 
rence  of  the  unknown  angles,  there  were  two  appli¬ 
cations  of  the  compaffes  to  the  fcale  of  tangents : 
Now  this  happens  becaufe  the  upper  tangents  which 
fnould  have  been  continued  beyond  45°,  or  to  the 
'right  hand,  are  laid  down  backwards,  or  to  the  left 
hand,  among  the  lower  tangents  (the  logarithmic 
tangents  afeending  and  defeending  by  like  fpaces  at 
equal  diilances  on  both  fides  of  450),  and  thereby 
the  length  of  the  fcale  is  kept  within  half  the  length 
neceflary  to  lay  down  all  the  tangents  in  order,  from 
the  left  towards  the  right.  But  fuppofing  they  were 
fo  laid  down,  then  the  point  of  56°  o7  will  reach  as 
far  to  the  right  of  450  as  it  does  now  to  the  left,  and 

the 
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the  extent  on  the  numbers  from  126  to  2  2  would  reach 
from  the  point  56°  taken  on  the  right  of  450,  to  14°  31' 
at  one  application ;  the  faid  extent  being  applied 
from  450  downwards,  will  reach  as  far  beyond  i4°3i/, 
as  is  the  diftance  from  450  to  56°  •,  therefore  the  legs 
of  the  compaffes  being  brought  as  much  clofer  as  is 
that  interval,  will  reach  from  450  to  the  degrees 
wanted. 

Indeed  when  the  half  fum  is  lefs  than  45%  then 
the  extent  from  the  fum  of  the  Tides  to  their  difference, 
will  reach  from  the  tangent  of  the  half  fum,  down¬ 
ward,  to  the  tangent  of  the  half  difference,  at  once. 

And  when  the  half  fum  of  the  unknown  angles, 
and  their  half  difference,  arc  both  greater  than  45% 
then  the  extent  from  the  fum  of  the  Tides  to  their  dif¬ 
ference,  will  reach  from  the  tangent  of  the  half  fum 
of  the  angles,  upwards  (or  to  the  right)  to  the  tan¬ 
gent  of  the  half  difference  of  thofe  angles,  at  once. 


Secondly  by  the  double  Scales . 

Becaufe  126  the  fum  of  the  fid'es  will  be  longer 
than  the  fcales  of  lines,  therefore  take  63,  the  half  of 
126,  and  11,  the  half  of  22,  the  difference  of  the 
Tides  ;  for  the  ratio  of  63  to  1 1,  is  the  fame  as  that  of 
126  to  22.  Then 

1.  Take  the  lateral  diftance  63  on  the  fcales  of 
lines. 

2.  Make  this  extent  a  tranfverfe  diftance  to  56 
degrees,  on  the  upper  tangents. 

3.  Take  the  tranfverfe  diftance  of  450  ,on  the 
upper  tangents,  and  make  this  extent  a  tranfverfe  di¬ 
ftance  to  450  on  the  other  tangents. 

4.  Take  the  lateral  diftance  1 1,  on  the  lines; 

5.  To  this  extent,  find  the  tranfverfe  diftance  on 
the  tangents,  and  this  will  be  140  3 1'  —  n. 

And  this  is  the  manner  of  operation,  when  m  is 
greater  than  45  degrees,  and  n  is  lefs. 

H  3  Bur 
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But  when  m  c  greater  \  than  45 
&  n  are  each  (  lefs  )  degrees. 

Then  the  third  article  of  the  foregoing  operation  is 
omitted. 

Now  having  found  the  angles  a  and  c,  the  fide 
ac  may  be  found  as  in  the  firft  or  fecond  examples. 

But  in  this  cafe,  the  third  fide  ac  may  be  found 
without  knowing  the  angles.  Thus, 

1.  Take  the  lateral  diftance  of  (34  deg.)  the  half 
of  (68,)  the  given  angle,  from  the  fines. 

2.  Make  this  extent  a  tranfverfe  diftance,  to  30 
on  the  fines. 

3.  With  the  fector  thus  opened,  take  the  diftance 
from  74  on  one  leg,  to  52  on  the  other  leg,  each 
reckon’d  on  the  lines. 

4.  The  lateral  diftance,  on  the  lines,  of  this  extent, 
gives  the  fide  ac  =  72,  75. 

From  the  :wo  firft  articles  of  this  operation,  is 
learn’d  how  to  fet  the  double  fcales  to  any  given 
angle. 

When  the  included  angle  b  is  90  degrees,  the 
angles  a  and  c  are  more  readily  found,  as  in  the  fol¬ 
lowing  example,  whole  foluiion  depends  on  this  prin¬ 
ciple.  That  one  of  the  given  fides  has  the  fame  pro¬ 
portion  to  radius,  as  the  other  given  fide  has  to  the 
tangent  of  its  oppofite  angle. 

Ex.  IV.  In  the  triangle  abc:  Fig.  29. 

Given  ab  ^  45 
bc  —  65 
4b  —  90 

Required  4a  j  4c  5  &  ac. 

The  proportions  are, 

For  the  Angle  a  . 

As  fide  ab  :  fide  bc  : :  radius :  tan •  4  a. 

And 
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And  the  z_a  taken  from  90°  leaves  the  4c,  then  ac 
may  be  found  as  directed  in  the  laft  example. 

Firft  by  the  logarithmic  Scales. 

The  extent  from  45  (=  ab)  to  65  (— bc)  on  the 
numbers,  will  reach  from  45  degrees  to  550  18' 
/_a)  on  the  tangents. 

Here  the  angle  a  is  taken  equal  to  550  18',  be- 
caufe  the  fecond  term  bc  is  greater  than  the  firft  term 
ab  :  But  if  the  terms  were  changed,  and  it  was  made 
bc  to  ab,  then  the  degrees  found  would  be  34°  4!' 
=  4C. 

Secondly  by  the  double  Scales. 

1.  Take  the  lateral  diftance  of  the  firft  term, 
from  the  lines. 

2.  Make  this  a  tranfverfe  diftance  to  45  deg.  on 
the  tangents. 

3.  Take  the  lateral  diftance  of  the  fecond  term, 
from  the  lines. 

4.  The  tranfverfe  diftance  of  this  extent,  found 
on  the  tangents,  gives  the  degrees  in  the  angle  fought. 

If  the  firft  term  is  greater  than  the  fecond,  then  the 
lateral  diftance  of  the  firft  term,  muft  be  fet  to  45  de¬ 
grees  on  the  lower  tangents,  and  the  lateral  diftance 
of  the  fecond  term,  muft  be  reckon’d  on  the  fame 
tangents. 

But  if  the  firft  term  is  lefs  than  the  fecond,  then 
the  lateral  extent  of  the  firft  term  muft  be  fet  to  450  on 
the  upper  tangents,  and  the  lateral  extent  of  the  fecond 
term  muft  be  reckon’d  on  the  fame  tangents. 

Solution  of  CASE  III.  Fig.  30. 

In  the  triangle  abc  : 

Given  bc  =  926. 
ba  =  558. 

AC  “  702. 

Requir’d  4b,  4c.  /.a. 

H  4 


There 


i©4  Defcription  and  Ufe 

There  are  ufually  given  for  the  folution  of  this 
cafe  by  the  logarithmic  fcales  two  methods;  the  one 
befb  when  all  the  angles  are  to  be  found,  the  other 
belt  when  one  angle  only  is  wanted  ;  both  methods 
will  be  here  delivered. 

First.  When  all  the  angles  are  wanted . 

Suppose  a  perpendicular  ad  (FI.  VI.  Fig.  30.) 
drawn  to  the  greateft  fide  bc,  from  the  angle  a  op- 
polite  thereto  ;  then  ad  divides  the  triangle  abc  into 
two  right  angled  triangles  bda,  cda;  in  which  if 
cd  and  db  were  known,  the  angles  would  be  found, 
as  in  the  folution  of  Cafe  I. 

T  ake  the  fum  of  the  fides  ac  and  ab,  which  is 
3260. 

Also  their  difference,  which  is  144. 

Then  on  the  fcale  of  numbers,  the  extent  from 
$2b  (  bc)  to  1260,  will  reach  from  144  to  196. 

And  the  half  fum  of  926  and  196,  is  561  =  pc. 

And  the  half  difference  of  926  andi96  is  365  =  db. 

The  extent  from  558  (=  ba)  to  365  (— bd)  on 
the  numbers,  will  reach  on  the  log.  fines  from  90° 

(=  /_BDA)  tO  4O0  52'  (—  Z-BAD.) 

Then  40°  52'  taken  from  90%  leaves  490  8'  for  £b, 

And  the  extent  from  702  (=ca)  to  561  (r=  cd) 
on  the  numbers,  will  reach  from  90°  (=z  /Lcd a)  to 
530  04'  (=:  ^cav)  on  the  fcale  of  log.  fines. 

Then  530  taken  from  90°,  leaves  36°  56'  for 
the  Lq, 

Also  the  fum  of  40°  52'  and  530  4'  gives  93”  56' 
for  the  iLc ab. 

Secondly, 
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Secondly,  tfo find  either  angle ;  fuppofe  b. 

Preparation. 

Take  the  difference  between  bc  and  ba,  the  fides 
including  the  angles  fought,  and  call  it  d  =  3 68. 

Find  the  half  fum  of  ac  and  d,  call  it  z  =  535 

And  the  half  diff.  of  ac  and  d,  call  it  x  =  167 

Then  as  1  :  /  :  : radius  :  fine-f  zlb. 

v  ABXBC 

1.  The  extent  on  the  log.  numbers  from  1  to  535 
(=  z),  will  reach  from  167  (=  x  )  to  a  4th  point  j 
mark  it  and  call  it  g. 

2.  The  extent  from  1  to  558  (=  ab),  will  reach 
from  926  (=  bc)  to  a  4th  points  mark  it  and  call 
it  h. 

3.  The  extent  from  the  point  h  to  the  point  g, 
will  reach  from  i,  downward  to  a  4th  point,  mark  it 
and  call  it  K. 

4.  The  extent  from  k,  to  the  middle  point  between 
it  and  the  1  next  above  k,  taken  on  the  log.  numbers, 
will  reach  on  the  log.  fines  from  90°  to  240  34',  which 
doubled  gives  490  8'  for  the  angle  b. 

But  the  fcale  of  log.  verfed  fines  being  ufed,  the 
work  will  be  confiderably  fhortened.  Thus, 

1.  On  the  log.  numbers  take  the  extent  from  535 
(  =z)  to  926  (=  bc),  this  will  reach  from  558  (=ba) 
to  a  4th  point,  where  let  the  foot  of  the  compafles 
reft. 

2.  Then  the  extent  from  that  4th  point  to  167 
(=x),  will  reach  on  the  line  of  verfed  fines  from 
o  degrees  (at  the  end)  to  1300  52',  which  taken  from 
1 8o°  leaves  490  8'  for  the  angle  b. 


By 


N 


io6  tfhe  Defcription  and  life 

\ 

By  the  double ,  or  fe ft oral ,  Scales . 

To  find  the  angle  b. 

1.  Take  the  lateral  didance  702  f=Ac,  the  fide 
©ppofite  to  the  angle  b )  from  the  lines. 

2.  Open  the  legs  of  the  fedlor  until  this  extent  will 
reach  from  926  (=  cb)  on  one  fcale  of  lines,  to  558 
(=  ab)  on  the  other  fcale  of  lines. 

3.  The  fedtor  being  thus  opened,  take  the  tranf- 
verle  didance  between  30°  and  30°  on  the  fines,  this 
didance  meafured  laterally  on  the  fines,  one  foot 
being  on  the  centre,  will  give  240  34  for  half  the  an¬ 
gle  B. 

The  other  angles  may  be  found  as  Z.B  was,  or 
according  to  the  directions  in  fome  of  the  preceding 
cafes. 

Although  in  thefe  examples,  oblique  triangles 
were  taken  as  being  the  mod  general ;  yet  it  may  be 
readily  feen,  that  thofe  concerning  right-angled  tri¬ 
angles  are  only  particular  cafes,  and  may  be,  for  the 
general,  more  eafily  folved. 

Variety  of  other  examples,  Shewing  the  ufes  of 
thefe  fcaies,  might  be  given  in  various  parts  of  the 
mathematics,  which  the  reader  may  of  himfelf  fup- 
ply  :  However  here  will  be  fubjoined  a  few  in  fphe- 
rical  trigonometry,  as  they  will  include  fome  operations 
not  only  curious,  but  perhaps  not  to  be  met  with 
elfewhere. 


Sect; 
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Sect.  XVIII. 


The  Conft  ruction  of  the  fever al  cafes  of  Spherical  Tri¬ 
angles  by  the  Scales  on  the  Senior. 

rjp\  HE  cafes  of  fphericat  triangles  are  fix. 

Case  I.  Given  two  Tides,  and  an  angle  oppofite 
to  one  of  them. 

Case  II.  Given  two  angles,  and  a  Tide  oppofite  to 
one  of  them. 

Case  III.  Given  two  Tides,  and  the  included 
angle. 

Case  IV.  Given  two  angles,  and  the  included 
fide. 

Case  V.  Given  the  three  Tides. 

Case  VI.  Given  the  three  angles. 

Thefe  fix  cafes  include  all  the  variety  that  can  arife 
in  Tpherical  triangles. 

In  the  following  folutions,  are  given  three  con- 
ftruftions  to  every  cafe,  whereby  each  fide  is  laid  on 
the  plane  of  projection,  or  (as  it  is  commonly  called, 
the)  primitive  circle. 

To  abbreviate  the  directions  given  in  the  following 
conftructions,  it  is  to  be  underftood,  that  the  primi¬ 
tive  circle  is  always  fir  ft  defcribed,  and  two  diameters 
drawn  at  right  angles. 

The  fectorisalfo  fuppofed  to  be  Tet  to  the  radius 
wanted,  on  the  Tcale  ufed  ;  and  the  tranverfe  diftance 
of  the  degrees  propofed  is  to  be  taken  from  the  chords, 
or  fecants,  or  tangents,  &c.  according  to  the  name 
mentioned  in  the  conftru&ion. 
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Solution  of  CASE  h 

Exam.  In  the  fpherical  triangle  ABD. 

Given  ab~  ig°  50' 
db=  63  59 

'^-D—  25  55 
Required  the  triangle. 

I.  To  put  db  on  the  primitive  circle.  Fig.  1.  1.  PI. 

VII. 

1  ft.  Make  db=  chord  of  63*  59',  and  draw  the 
diameter  be. 

n  .  ''f 

2d.  From  d,  with  the  fecant  of  the  z.  d,  25°  55', 
cut  the  diameter  O  1  in  c  :  on  c  as  a  center,  with 
that  radius,  deferibe  the  circumference  da,  and  the 
angle  bda  will  be  250  55'. 

3d.  Make  b d  equal  to  ab,  with  the  chord  of  2  9° 
50'. 

4th.  With  the  tangent  of  ab,  290  3c7,  from  d ,  cut 
O  b  produced  in  h  \  and  from  h ,  with  that  radius,  cut 
Da  in  a  or  a, 

5th,  Through  b,  a,  e,  deferibe  a  circumference, 
and  the  triangle  bda  will  be  that  required  •,  whofe 
parts  da,  z_b,  and  L a  may  be  thus  meafured. 

To  meafure  da. 

6th.  Make  o  p  equal  to  the  tangent  of  half  the 
angle  bda,  viz,  120  574/  ;  then  a  ruler  on  p  and  a, 
gives  e  \  and  d  e  meafured  on  the  chords,  gives  the 
degrees  in  da,  viz,  420  9'. 

To  meafure  Z_b. 

7th.  Draw  the  diameter  fg  at  right  angles  to  be, 
cutting  the  circumference  bae  in  s  •,  a  ruler  by  b 
&  s  gives / j  make  fg  equal  to  the  chord  of  90  deg. 

a 
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a  ruler  on  g  and  b,  gives  p  in  the  diameter  fg.  Then 
e  g  on  the  chords  gives  the  angle  3  =  36°  9'. 

To  meafure  z_ a. 

8th.  a  ruler  on  a  and  p,  gives  n  ;  and  on  a  and 
p,  gives  m  ;  and  nm  meafured  on  the  chords,  gives 
520  9',  for  the  fupplement  of  the  angle  dab,  which  is 
nf  5 i'. 

II.  To  put  da  on  the  primitive  circle ,  Fig.  2.  1. 

id.  With  the  fecant  of  the  angle  d,  250,  55',  from 
d,  cut  the  diameter  in  c  *,  and  on  c,  with  the  fame 
radius,  defcribe  the  arc  db,  and  the  angle  bda  will 
be  2  50,  55'. 

2d.  Make  O  p,  equal  to  the  tangent  of  half  the 
angle  d  ;  viz.  120  57'  4- 

3d.  On  the  primitive  circle,  make  d  d  equal  to  the 
given  fide  db,  with  the  chord  of  63°  59'. 

4th.  A  ruler  on  b  and  d,  gives  b  ;  then  will  bd= 

63°  59' ■ 

5th.  Draw  g  b  r,  cutting  the  primitive  circle  in  r. 

6th.  Make  r  x  the  chord  of  90°  j  or  twice  the 
chord  of  450. 

7th.  A  ruler  on  x  and  b,  gives  m  on  the. primitive 
circle.  * 

8th. - Make  m  q  =  mp  —  chord  of  290  50'. 

9th.  A  right  line  through  x  Sc  py  x  &  q9  gives/ Sc 
e  in  O  r. 

loth.On  fe  as  a  diameter,  defcribe  a  circumference, 
cutting  the  primitive  circle  in  a,  a. 

1 1  th.  A  ruler  on  a  &  O,  gives  f. 

1 2th.  Through  a,  b,  f,  defcribe  a  circumference, 
and  the  triangle  abd  is  conftrufted  with  da  on  the 
primitive  circle  as  required. 

III.  To  put  ab  on  the  primitive  circle .  Fig.  3.  1. 

id.  Make  ab~  the  chord  of  290  50'  j  and  draw 
the  diameter  bf. 


2d.  In 
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2d.  In  a  b  drawn  perpendicular  to  ag,  take  a  h 
=  fine  of  ab  290  50'. 

3d.  Make  the  angle  b  a  g9  =  d  250  55'; 
from  a  draw  a  ?  at  right  angles  to  a  g ,  and  from 
d,  the  middle  of  a  b,  draw  de  perpendicular  to  a  b9 
cutting  Ae,  in  e  ;  from  e ,  with  the  radius  £  a,  delcribe 
a  circumference  a  /  b, 

4th  From£,  with  the  fine  of  bd,  63°  59',  cut  the 
circumference  kfb  in/;  and  draw  a /. 

5th.  From  a,  draw  ac  at  right  angles  to  /  a, 
meeting  e  O  (perpendicular  to  a  ©,)  continued,  in  c  ; 
and  on  c,  with  the  radius  ca,  defcribe  a  circumfe¬ 
rence  adg. 

6th.  Make  b m=  bd,  with  the  chord  of  63°  59'  *, 
from  70,  with  the  tangent  of .  63°  59'  cut©  b  pro¬ 
duced,  in  n  ;  on  0,  with  the  fame  radius,  cut  adg 
in  d. 

7th.  Through  b,  d,  f,  defcribe  a  circumference, 
and  the  triangle  abd  will  be  that  which  was  re¬ 
quired. 

Computation  by  the  logarithmic  fcales. 

>  ■ 

T 0  find  the  angle  a. 

The  fines  of  the  angles  of  fpheric  triangles  are  as  the 
fines  of  their  oppofite  Tides. 

Then  the  extent  of  the  compaffes  on  the  line  of 
fines  from  290  (=.  ab)  to  250  55'  (=  c)  ; 

will  reach  from  the  fine  of  63°  59'  (=  cb)  to  the  fine 
of  520  ^  (=  /.  a).  .•  4  .  •  i 

But  by  conftru&ion  the  l_  a  is  obtufe ;  therefore 
1270  51'  fthe  fupplement  of  520  9/)  is  to  be  taken 
for  the  angle  a. 

To  find  the  angle  b. 

Say,  as  radius,  to  the  cofine  of  cb. 

So  tang.  Z_c,  to  the  cotang  of  a  fourth  arc. 

And  as  tang,  ab,  to  the  tang,  of  cb. 

So  cofine  of  the  4th  arc,  to  the  cofme  of  a  5th  arc. 

Then 
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Then  the  difference  between  the  4th  and  5th  arcs 
gives  z.  B.  . 

The  extent  from  the  fine  of  90°  to  the  fine  of  26°  i' 
(=  comp,  of  63°  59O,  will,  on  the  tangents,  reach 
from  2  50  to  120  27  :  But  the  4th  arc  is  to  be  a 
cotangenc  *,  therefore  770  $87  (the  comp.  120  27)  is 
the  4th  arc. 

The  extent  from  the  tangent  of  290  507  to  the  tan¬ 
gent  of  63°  597,  will  reach  on  the  line  ot  fines  from 
12°  1!  (—  comp,  of  770  5v8/)  to  48°  f. 

But  the  5th  arc  is  to  be  a  cofine ;  therefore  410  5T 
(the  comp,  of  48°  f)  is  the  fifth  arc. 

And  410  517  taken  from  770  5s7  leaves  36°  f  for 
the  angle  b. 

The  extent  from  the  tangent  of  290  50'  to  the 
tangent  63°  is  thus  taken.  Set  one  foot  on  the 
tangent  290  5c/,  and  extend  the  other  to  the  tangent 
of  450:  Apply  this  extent  on  the  tangents  from  63° 
597  towards  the  left ;  reft  the  left  hand  foot,  and  ex¬ 
tend  the  other  to  450,  and  the  compaffes  will  then  have 
the  required  extent. 

To  find  ac. 

Say,  as  radius,  to  the  cofine  of  the  angle  c. 

So  is  the  tangent  of  cb,  to  the  tangent  of  a  4th 
arc. 

And  as  cofineof  cb,  to  the  cofine  of  ab. 

So  is  the  cofine  of  the  4th  arc,  to  the  cofine  of  the 
5th  arc. 

Then  the  difference  between  the  4th  and  5th  arcs 
will  give  the  fide  ac. 

The  extent  on  the  fines  from  90°  to  64°  tf  (the 
comp,  of  2 50  557)  will  reach  on  the  tangents  from 
63°  59'  towards  the  right  to  6i°  3  17  the  4th  arc. 

Alfo  the  extent  on  the  fines  from  26°  1 7  (=  comp, 
of  63°  597)  to  6o°  io7  (=  comp,  of  290  507)  will 
reach  from  the  fine  of  28°  (the  complement  of  6i° 
3 17)  to  the  fine  of  70°  37'. 


But 


f 
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But  the  5th  arc  is  to  be  a  cofine,  therefore  19®  23'  vS 
the  5th  arc. 

And  19°  23'  taken  from  6i°  31'  leaves  42°  8'  fo? 
the  fide  ac. 

Solution  of  C  A  S  E  H. 

Exam.  In  the  fpherical  triangle  abd. 

Given  ad  —  42°  9' 

£a  =  127  50' 

Z_b  ~  36  8 

Required  the  triangle. 

I.  To  put  db  on  the  primitive  circle <  Fig.  1.  2. 
PI.  VII. 

ift.  FromB  ,  with  the  feCant  of  Z.  b,  3 6°  8',  cut 
the  diameter  O  e  in  c  •,  on  c,  with  the  fame  radius, 
deferibe  the  circumference  b^f  :  then  the  angle  dbf= 
the  given  Z.  b.  , 

2d.  Make  the  angle  n  a  q  equal  to  37*  50',  the  dif¬ 
ference  between  127°  5c/  and  90°. 

3d.  Make  aq  =  tangent  of  da,  42°  9' ;  on  O  with 
the  lecant  of  42®  of  deferibe  an  arc  qoj.  on  c  with 
c  q,  cut  the  arc  q  ojn 

4th.  Draw  q_0  g  cutting  the  primitive  circle  in 
d,  and  bd  will  be  a  fide  of  the  triangle. 

5th.  From  with  qa,  cut  b^f  in  a  ;  and 
through  d,  a,  g,  deferibe  a  circumference,  and  the 
triangle  bad  is  that  required.  Whofe  parts  bd,  ba 
and  Z.  d  are  thus  meafured. 

6th.  bd  meafured  on  the  chords,  gives  64  degrees. 

7th.  MakeO  p=:  tangent  of  halfjz.  b,  viz.iSQ  4!  ; 
a  ruler  on  f  and  a  gives  x ;  then  bx  meafured  on 
the  chords  gives  290  5c/,  for  ba. 

8th.  Draw  a  diameter  perpendicular  to  gd,  cut¬ 
ting  the  circumference  dag  ms-,  a  ruler  on  d  and 
s  gives  m  *,  make  mn  90  degrees,  then  g  n  meafured 
on  the  chords,  gives  23°  55'  for  the  L  d. 

II. 
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II.  To  put  ab  on  the  primitive  circle.  Fig.  2.  2. 

1  ft*  From  a,  with  the  fecant  of  the  fupplement 
of  the  Z_ A,  viz.  gi°  lo/,  cut  the  diameter  Of  con¬ 
tinued  in  c;  on  c,  with  the  fame  radius,  defcribe  a 
circumference  a^e. 

2d.  Make  ©  p  =:  the  tangent  of  half  the  fupple- 
tnent  of  Z_  a,  viz.  2 6°  \  and  make  a  x  =£  chord 

of  ad,  42.0  9':  a  ruler  on  p  and  x,  gives  dj  then  is 
ad  equal  to  420  9'. 

3d*  On  o,  with  the  tangent  of  the  angle  b,  36° 
8',  defctibe  an  arc  mc\  on  d,  with  the  fecant  of 
L  b,  36°  87,  cut  the  arc  me  in  c\  on  c,  with  the 
fame  radius,  defcribe  a  circumference  db,  then  the 
triangle  adb,  will  be  that  required. 

.  1 

III.  To  put  da  On  the  primitive  circle .  Fig.  3.  2. 

1  ft.  Lay  down  ad  with  the  chord  of  420  g' : 
Draw  the  diameter  df;  and  another  ©h,  perpen¬ 
dicular  to  df. 

2d.  On  a,  with  the  fecant  of  the  fupplement  of 
L  a,  viz.  520  io',  cut  the  diameter  e  ©  in  c* 
and  on  c,  with  the  fame  radius,  defcribe  the  circum¬ 
ference  ABG. 

3d.  Make  ©  p  equal  to  the  tangent  of  half  the 
fupplement  Z.  a,  viz.  2 6°  5',  a  ruler  by  g  and  p 
gives  x. 

4th.  Make  xm  2=  xn  with  the  chord  of  Ab,  3 6°  8'; 
a  ruler  by  g  and  n  gives  r,  by  g  and  m  gives  s  ;  on  b 
the  middle  of  rj,  with  the  radius  bs,  cut  ©  h  in  p. 

5th.  A  ruler  on  P  and  p,  gives  h  ;  make  hk  =  bv } 
a  ruler  or  f  and  k  gives  c\  with  the  radius  c  d,  defcribe 
the  circumference  dbf;  and  the  triangle  abd,  is  that 
.  fought. 
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Computation  hy  the  Logarithmic  Scales. 

To  find  the  fide  bd. 

Say,  as  the  fine  ot  L  e,  is  to  the  fide  ad. 

So  is  the  fine  of  L  a,  to  the  fide  bd. 

Then  the  extent  from  the  fine  of  36°  8 7  to  the  fine 
of  420  97,  will  reach  from  the  fine  of  520  107  (the 
fupplement  of  1270  5o7)  to  the  fine  of  63°  59'  == 
fide  bd. 

To  find  the  fide  ab. 

Say,  as  radius,  is  to  the  cofine  of  the  L  a. 

So  is  the  tangent  of  ad,  to  the  tangent  of  a  4th  arc. 

And,  as  tangent  of  Z_b,  to  the  tangem  of  v he  Z_a. 

So  is  the  fine  of  the  4th  arc,  to  the  fine  of  a  5  h 
arc. 

Then  the  difference  between  the  4th  and  5  th  arcs 
will  be  equal  to  the  fide  ab. 

The  extent  from  the  radius,  or  the  fine  of  90°  to 
the  fine  of  370  507  (the  complement  of  520  10),  will 
reach  on  the  tangents  from  420  f  to  290  027  =  4th 
arc. 

And  the  extent  from  the  tangent  of  36°  8  7  to  the 
.tangent  of  520  107,  will  reach  on  the  fines  from  29° ' 
o*l'  to  58°  547  “  5th  arc. 

Then  the  difference  between  58°  547  and  29°  02' 
gives  2 90  527  for  the  fide  ab. 

The  extent  from  the  tangent  of  36°  87  to  fhe  tan¬ 
gent  of  5 20  jo7  is  taken  as  fhewed  in  the  fecond  ope¬ 
ration  of  the  firfl  cafe. 

To  find  the  lx>. 

Say,  as  radius,  is  to  the  cofine  of  ad. 

So  is  the  tangent  of  L  a,  to  the  tangent  of  a  4'h 

arc. 

L  rd  as  the  cofine  of  L  a,  to  the  cofine  of  L  b*. 

So  is  the  fine  of  the  4th  arc,  to  the  fine  of  the  5th  arc. 

Then 
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Then  the  difference  between  the  4th  and  5th  arcs 
will  give  the  Z_d. 

Now  the  extent  from  the  fine  of  90°  to  the  fine 
of  470  5 17  (fhe  complement  of  42°  of),  will  reach 
from  the  tangent  of  520  :o/  to  the  tangent  of  43°  41/. 
But  the  4th  arc  being  a  cotangent  will  be  46°  20,  the 
complement  of  430  40k 

Alfo  the  extent  from  the  fine  of  370  50'  (the  com¬ 
plement  of  5  0  io/)  to  the  fine  oi  53°  52'  (the  com¬ 
pliment  of  36°  o8/),  will  reach  from  the  fine  of  46° 
20/  to  the  fine  of  7  20  if  the  5th  arc. 

Then  the  difference  be  ween  720  15'  and  46°  20' 
'viz.  2 50  55'  will  be  the  angle  d. 

In  applying  the  firft  extent,  viz.  from  the  fine  of 
9 o°  to  fine  oi  470  to  the  tangents;  fet  one  toot 
on  the  tangent  of  450  and  let  the  o  her  too;  reft  w'here 
it  falls;  move  the  foot  from  450  to  5 20  ic/;  then  this 
extent  will  reach  from  450  to  430  4c/. 

* 

Solution  of  C  A  S  E  III. 

Ex.  In  the  Ipherical  triangle  abd. 

Given  ab  290  50k 

BD  =  63  59 

Z_B  —  36  8 

Required  the  triangle. 

I.  'To  put  ab  on  the  primitive  circle.  Fig  1.3.  PLVIL 

1  ft.  Make  ab  —  chord  of  290  50',  draw  the  dia¬ 
meter  ef,  and  another  ©  e  perpendicular  thereto. 

2d.  From  b,  with  the  fecant  of  z.b,  36°  T  cut  ©  E 
in  c,  the  center  of  bdf. 

3d.  From  O,  with  the  tangent  of  half  Z-  b,  vizi 
180  47,  cut  O  e  in  p,  the  pole  of  bdf. 

4th.  Make  b  x  =  bd,  63°  59'  $  a  ruler  on  p  and  x9 
gives  d.  Through  a,  d,  g,  defcribe  a  circumference, 
and  the  triangle  adb  is  that  required,  whofe  parts  ad, 
jl  a,,  and  L  d  may  be  thus  meafured. 

I  2  5  th. 
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5th.  A  ruler  on  a  and  s  gives  2,  make  2  y  =  chord 
of  90°;  a  ruler  on  a  and  y  gives  p  the  pole  of  a  s  g; 
a  ruler  on  p  and  d,  gives  n ,  and  a  n  mcafured  on  the 
chords  gives  42°  8'  for  ad. 

6th.  Gy  meafured  on  the  chords,  gives  520  n'  for 
the  fupplement  of  L.  a  *,  therefore  jL  a  =  1 2  70  49'. 

7th.  A  ruler  on  d  and  p  gives  r,  on  d  and  p,  gives 
tn  *,  and  rm,  meafured  on  the  chords  gives  25*  56'  for 
the  angle  bda. 

II.  To  put  db  on  the  primitive  circle •  Fig.  2.  3. 

ift.  Make  db  =  chord  of  63°  59':  draw  the  dia¬ 
meter  bf  and  perpendicular  thereto,  the  diameter  G  g. 

2d.  From  b,  with  the  fecant  of  Z.  b,  36°  8',  cut 
O  g  in  Cj  on  c  with  cb,  defcribe  the  circumference 

BAF. 

3d  Make  G  p  =  tangent  of  half  z_  b,  i8°  4',  and 
D  x  =  chord  of  ab  29°  50',  a  ruler  on  p  and  x  gives 
a *,  through  d,  a,  e,  defcribe  a  circumference,  and  the 
triangle  abd  is  that  required. 

III.  To  put  ad  on  the  primitive  circle .  Fig.  3.  3. 

1.  In  a  right  line  ed ,  touching  the  primitive  circle 
in  any  point  take  bd  =  tangent  of  bd,  63°  59' * 
and  =  tangent  of  ab,  29°  50'. 

2.  Make  the  angle  dba  =  £b,  36°  S',  and  make 

=  be. 

3.  From  G,  with  d^,  G^,  defcribe  arcs  eroding 
in  from  at,  d ,  draw  the  diameters  ae,  df;  and 
others  og,  oh,  perpendicular  to  ae,  fd. 

4.  From  */,  #,  with  bdy  eb,  defcribe  arcs  eroding 
in  b;  and  draw  */b,  kb. 

5.  From  b  draw  bc,  perpendicular  to  xb,  and 
meeting  Go  produced  in  c ;  alfo  draw  b c  perpendi¬ 
cular  to  Jb,  and  meeting  Gh  in  c ;  then  c  is  the  center 
of  a  circumference  through  a,  b,  e  ;  and  c  the  center 
of  that  through  d,  b,  fj  and  the  triangle  abd  is  that 
required. 

Compu • 
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Computation  ly  the  Logarithmic  Scales . 

I'o  find  the  angles  a  and  c. 

Say,  as  the  fine  of  half  the  fum  of  the  given  fides 
To  the  fign  of  half  their  difference  •, 

So  is  the  cotangent  of  half  the  given  angle 
To  the  tangent  of  half  the  difference  of  the  re¬ 
quired  angles. 

And,  as  the  cofine  of  half  the  fum  of  the  given  fidea 
To  the  coffne  of  half  their  difference; 

So  is  the  cotangent  of  half  the  given  angle 
To  the  tangent  of  half  the  fum  of  the  required  angles* 
Then  the  half  difference  of  the  required  angles  add¬ 
ed  to  their  half  fum  will  give  the  greater  angle  a. 

And  the  half  difference  of  thofe  angles  taken  from 
their  half  fum  will  give  the  lefier  angle  d. 

Now  the  fum  of  the  given  fides  63°  59'  and  29? 
50'  is  930  4</,  their  difference  is  340,  09' ;  the  half 
fum  =  4 6°  54i7,  and  the  half  difference  is  1 70  04- • 
Alfo  half  the  given  angle  b  is  1 8°  04''. 

Then  the  extent  from  the  fine  of  46°  54'  to  the  fine 
of  1 70  4/,  will  reach  from  the  tangent  of  7 1°  56'  (the 
complement  of  180  4^  to  the  tangent  of  500  57'  the 
half  difference  of  the  required  angles. 

Here  the  extent  on  the  fines  is  from  right  to  left  or 
decreafing ;  fo  the  extent  on  the  tangents  muff:  be 
from  left  to  right,  which  in  this  cafe  is  decreafing. 

Alfo  the  extent  from  the  fine  of  430  6/  (the  com¬ 
plement  of  46°  54/)  to  the  fine  of  72® 56'  fthe  com¬ 
plement  of  1 70  04/),  will  on  the  fcale  of  tangents 
reach  from  71°  56'  (the  complement  of  180  4O  to. 
76°  53'  the  half  fum  of  the  required  angles. 

Then  the  fum  of  76°  53'  and  50°  57*  =  127® 

—  Z.A. 

And  the  difference  of  7 6°  53'  and  50°  57'  =25° 
56'  =  Z-C. 

The  angles  being  known,  the  other  fide  may  be 
found  by  oppofite  fides  and  angles,  and  is  420  o87* 

I  3  /  Or 
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Or  the  other  fide  .may  be  found  without  knowing 

the  aiudes. 

O' 

:  ay,  as  radius  is  to  the  cofine  of  the  given  angle; 

So  is  he  tangent  of  either  given  fide,  to  the  tan¬ 
gent  oi  a  4th  arc. 

Which  4th  arc  will  be  like  the  fide  ufed  when  the 
given  angle  is  acute  otherwife  it  will  be  of  a  contrary 
kind  with  the  fide  ufed. 

Then  take  the  ditference  between  the  4th  arc  and 
the  other  given  fide,  call  the  remainder  a  5th  arc. 

And  as  the  cofine  of  the  4th  arc  is  to  the  cofine  of  a 
5th  arc-, 

So  is  the  cofine  of  the  fide  ufed  in  the  former  pro¬ 
portion 

To  the  cofine  of  the  fide  required. 

Now  the  extent  Irom  the  iign  of  90°  to  the  fine 
of  530  5  /  (—  complement  of  36°  087)  will  reach 
from  the  tangent  ot  290  5c/  to  the  tangent  of  24°  5  V 
the  4th  arc. 

And  240  517  taken  from  63°  59'  leaves  390  8 7  for 
the  5th  arc. 

Then  the  extent  from  the  fine  of  65°  09'  (the 
complement  of  240  5  7 ,  to  the  fine  of  50°  £27  (the 
complement  of  390  087)  will  reach  from  the  fine  of 
6o°  io7  (the  complement  of  290  507)  to  the  fine  of 
47°  5l'>  whofe  complement,  viz.  42°  097  is  the  fide 
required. 

Solution  of  CASE  IV. 

Ex.  In  the  fpherical  triangle  abd: 

Given  jL  d  =  250  3  V. 

L.  B  ==  3*6°  08 7. 
r  DB  =  6j°  59', 

Required,  The  triangle. 

I.  To  put  db  on  the  primitive  circle.  Fig.  1.  4.  PI.  VII. 

1.  Make  db  n  chord  of  63°  597;  draw  the  diame- 
'  ter  bf3  and  draw  C  g  perpendicular  to  bf* 

v  '  2.  From 
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2  From  b,  with  the  fecant  of  L.  b,  36°  87,  cut  Gg 
in  c;  and  c  will  be  the  center  of  baf. 

3.  From  d,  with  the  fecant  of  L.  d,  250  55' cut 
Oh  in  c,  and  c  will  be  the  center  of  dae-,  and  the 
triangle  dab  is  that  which  was  required-,  whofe  parts 
da,  ba,  and  2La,  are  thus  meafured. 

4.  Make  Op  —  tangent  of  4-  Z.d,  120  5  74-^  a 
ruler  on  p  and  a  gives  x\  then  dx  meafured  on  the 
chords  gives  420  io'  for  ad. 

5.  Make  0p  =  tangent  of  4  180  4',  a  ruler  on 

p  and  a,  gives  z-,  then  bz  meafured  on  the  chords, 
gives  29°  54'  for  ab. 

6.  A  ruler  on  a  and/>,  gives  ny  on  a  and  p,  gives  m\ 
and  nm  meafured  on  the  chords  gives  52°  io7  the  fup- 
plement  of  the  angle  a.  Therefore  jLk  z=.  12 y°  50^ 

II.  To  put  da  on  the  primitive  circle .  Fig.  2.  4. 

ill.  From  d,  with  the  fecant  of  Z.D,  250  55';  cut 
Of  in  c ;  and  c  is  the  center  of  the  circumference  dec. 

2d.  Make  ©p  =  tangent  of  4-  ^-d,  12°  574*,  and 
make  d#  —  chord  of  bd,  63°  59^  a  ruler  on  p,  x> 
gives  b  ;  and  db  is  6  T  59'. 

3d.  Make  the  angle  cbc  r  z.  b,  36°  87-,  through 
c,  draw  me  perpendicular  to  bO,  cutting  b c  in  c\  on 
c ,  with  the  radius  cb ,  deferibe  the  circumference  abg; 
and  the  triangle  abd,  is  that  which  was  required. 

III.  To  put  ab  on  the  primitive  circle .  Fig.  3.  4. 

1  ft.  From  b,  with  the  fecant  of  Z_b,  36°  87  cut 
Of  in  c;  and  c  is  the  center  of  the  circumference  of 

BDE. 

2d.  Make  bx  =  chord  of  bd,  63°  59';  and  Op  = 
tangent  of  4-  2L  b,  i8°  4' 5  a  ruler  on  p  and  x  gives  d  5 
then  is  bd  =  63°  59'. 

3d.  Make  the  angle  cdc  =2  /_d,  250  55' 5  then  me 
drawn  perpendicular  to  O  d,  meeting  d c  in  r,  gives 
c  the  center  of  the  circumference  adgj  and  the  tri¬ 
angle  abd  will  be  that  required. 

I  4 
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Computation  by  the  Logarithmic  Scales* 

To  find  the  angle  a. 

Say,  as  radius  is  to  the  cofine  of  the  given  fide; 

So  is  the  tangent  of  either  given  angle  to  the  cotan* 
gent  of  a  4th  arc, 

Call  the  difference  between  the  other  given  angle 
and  the  4th  arc,  the  5th  arc. 

And,  as  the  fine  of  the  4th  arc,  is  to  the  fign  of  the 
5th  arc ; 

So  is  the  cofine  of  the  angle  ufed  in  the  former  pro-? 
portion 

To  the  cofine  of  the  required  angle. 

The  4  th  arc  will  be  of  the  fame  kind  with  the  angle 
firft  ufed  if  the  given  fide  is  lefs  than  90°;  but  of  a 
contrary  kind  if  that  fide  is  greater  than  90°. 

Arcs  are  faid  to  be  of  the  fame  kind,  when  both 
are  lefs,  or  both  greater,  than  90  degrees. 

The  required  angle  will  be  of  the  fame  kind  with 
the  angle  ufed  in  the  proportions,  if  the  4th  arc  is  lefs 
than  the  other  angle-,  but  of  an  unlike  kind  when  the 
4th  arc  is  greater  than  the  other  angle. 

Now  the  extent  from  the  fine  of  90*  to  the  fine  of 
26°  017  (the  complement  of  63°  59^  will  reach  from 
the  tangent  of  250  5*/  to  the  tangent  of  12®  02':  But 
this  is  the  complement  of  the  4th  arc,  which  is 

77°  58'- 

And  36°  o87  taken  from  77’  58'  leaves  41°  5c/ 
for  the  5th  arc. 

Then  the  extent  from  the  fine  of  7 70  58'  to  the  fine 
of  41®  50',  will  reach  from  the  fine  of  64?  (the 
complement  of  25?  5 57)  to  the  fine  of  37®  50, 
which  is  the  complement  to  52*  io7. 

But  as  the  4th  arc  was  greater  than  36®  087,  the 
angle  fought  is  to  be  of  a  contrary  kind  to  25°  55' 
(—  /_d),  that  is,  that  a  is  to  be  obtufe;  fo  127°  50' 
(the  fujplement  of  52°  ip7)  is  to  be  taken  for  the 
apgie  At  Now 
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Now  all  the  angles  and  one  fide  being  known,  the 
other  Tides  may  be  found  by  the  proportion  fubfifting 
between  the  fines  of  angles,  and  the  fines  pf  their 
oppofite  Tides, 

Or  fay. 

As  the  fine  of  half  the  Turn  of  the  given  angles 
Is  to  the  fine  of  half  the  difference  of  thofe  angles; 
So  is  the  tangent  of  half  the  given  fide 
To  the  tangent  of  half  the  difference  of  the  re¬ 
quired  Tides. 

And 

As  the  Cofine  of  half  the  fum  of  the  given  angles 
Is  to  the  cofine  of  half  the  difference  of  thofe  angles; 
So  is  the  tangent  of  half  the  given  fide 
To  the  tangent  of  half  the  fum  of  the  required  Tides, 
Then  the  half  difference  added  to  the  half  fum 
gives  the  greater  of  the  fought  Tides. 

And  the  half  difference  fubtra£ted  from  the  half 
fum  gives  the  lefifer  of  the  fought  Tides. 

Now  the  half  fum  of  the  given  angles,  viz . 
+  it-B  =  31°  oii7. 

And  the  half  difference  of  thofe  angles,-  viz* 

■JZ.B  —  t4d  =  50  (Si7, 

Alfo  the  half  of  the  given  fide  db,  is  310  594A 
Then  the  extent  from  the  fine  of  310  to  the  fine 

pf  5°  & ; 

Will  reach  from  the  tangent  of  310  59',  to  the 
tangent  of  6°  3'. 

And  the  extent  from  the  fine  of  58°  59  (=  com¬ 
plement  of  310  oi7)  to  the  fine  of  84°  54'  (the  com¬ 
plement  of  50  6/),  will  reach  from  the  tangent  of 
3 1°  597  to  the  tangent  of  350  58' . 

Then  the  fum  pf  350  58'  and  6°  3',  viz.  420  oi7 

=  AD. 

And  the  difference  pf  350  587  and  6°  37,  viz.  29* 
55'  S=  ab. 


Soi.u> 
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Solution  of  CASE  V*. 

Ex.  In  the  fpherical  triangle  abd. 

Given  ab  —  290  50° 

AD  =  42  9 

.  B?  =  63  59 

Required,  The  triangle. 

I.  To  put  ab  on  the  primitive  circle.  Fig.  1.  5.  PI.  VII. 

lft.  Make  ab  =  chord  of  290  51/5  draw  the  dia¬ 
meter  BF. 

2.  Make  a n  =  chord  of  ad,  420  9';  and  B/72  m 
chord  of  bd,  63°  59'. 

3d.  From  n ,  with  the  tangent  of  ad,  420  9',  cut 
ia  produced  in  c*,  and  from  c,  with  that  radius,  de¬ 
fer  be  the  arc  nn\  from  m,  with  the  tangent  of  bd, 
63°  cut  fb  produced  in  c\  and  from  c,  with  the 
radius  c m,  cut  the  arc  nn  in  d. 

4th.  I  hrough  a,  d,  e  •,  b,  d,  f,  deferibe  circum¬ 
ferences,  and  the  tiiang’e  adb  is  that  which  was  re¬ 
quired  ;  whole  angles  a,  b,  d,  are  thus  meafured. 

5th.  A  ruler  on  a  and  gives  x-,  on  b  and 
gives  z;  make  xy,  zv ,  each  90%  a  ruler  on  a  and  y 
gives  p,  in  a  radius  perpendicular  to  ae;  and  a  ruler 
on  b  and  v  gives  pa  in  a  radius  perpendicular  to 

BF. 

6th.  e y  meafured  on  the  chords,  gives  520  12'  for 
the  fupplement  of  the  z.a*,  therefore  L. a  =  1270  4S/» 

7th.  yv  meafured  on  the  chords,  gives  36*  io'  for 
the  angle  b. 

8th.  A  ruler  on  n  and  p  gives  t,  and  on  d  and  p 
gives  S',  then  ts  meafured  on  the  chords,  gives  250 
58'  for  the  ang^e  d. 

The  fides  ad,  db,  are  put  on  the  primitive  circle, 
by  a  conftrudion  fo  like  the  foregoing  one,  that  it  is 
need lefs  to  repeat  it.  See  figures  2.  5.  and  3.  5. 


Com* 


123 


of  Mathematical  Injlruments . 

Computation  hy  the  Logarithmic  Scales . 

Lo  find  the  angle  a. 

The  Tides  including  the  angle  a  are  ad  =  42*  ogf 

And  ab  —  29  50 
Their  difference  call  x  =  12  19 
The  Tide  oppofite  the  Z_a  is  bd  =l  63  59 

Then  the  Turn  of  bd  and  x  is  y6°  187 ;  the  half  fum 
is  38°  09' *, 

And  the  difference  of  bd  and  x  is  510  40';  the  half 
difference  is  250  507. 

Now  take  the  extent  on  the  line  of  fines,  from  the 
half  fum  38°  <fi  to  either  of  the  containing  iides,  as  to 
290  5c/ $  apply  this  extent  from  the  other  containing 
fide  420  097  towards  the  left,  there  let  the  foot  reft, 
and  extend  the  other  point  {viz.  that  which  was  fet  on 
420  097)  to  the  half  difference  250  5c7 j  then  this  ex¬ 
tent  applied  to  the  line  of  verfed  fines,  will  reach  from 
o  degrees  (at  the  beginning)  to  520  127;  the  fupple- 
ment  of  which,  or  1270  4s7  will  be  the  degrees  in 
the  angle  a. 

Again.  Lo  find  the  angle  d. 

The  Tides  including  the  angle  a,  are  bd  ~  63°  59^ 

And  ad  =  42  09 
Their  difference  call  x  5=  21  50 
The  fide  oppofite  to  the  is  a b  =29  50 

Then  the  fum  of  ab  and  x  is  510  407  j  the  half  fum 
is  25°  50'.- 

And  the  difference  of  ba  and  x  is  8°  c/j  the  half 
difference  is  40  oo7. 

Then  the  extent  on  the  fines  from  25°  50'  to  63* 
597  will  reach  from  the  fine  of  42°  097  to  fome  point 
beyond  90°-,  therefore  apply  the  extent  between  25* 
507  and  63°  597  from  the  fine  of  90°  downwards,  let 
the  point  reft  where  it  falls,  and  bring  that  point 
which  was  fet  on  90°  to  420  097}  then  will  the  diftance 

between 
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between  the  feet  (hew  how  far  the  firft  extent  would 
reach  beyond  90° :  Now  apply  this  extent  on  the  fines 
from  the  point  oppofite  to  the  middle  1  on  the  line 
of  numbers,  the  other  foot  falling  upwards  to  the 
right,  let  it  reft  there,  and  extend  the  other  foot  to 
the  half  difference  40  o':  Then  this  extent  applied  to 
the  verfed  fines,  one  foot  being  fet  on  the  point  oppo¬ 
fite  the  middle  1  on  the  line  of  numbers,  the  other 
foot  will  fall  on  154°  5';  the  fuppiement  whereof, 
viz .  25°  55'  will  be  the  angle  d. 

Solution  of  CASE  VI. 

Ex.  In  the  fpherical  triangle  abd  : 

Given  A  a  =  1270  50', 
ab  =  36°  8'. 

Z.D  =  25°  55/. 

Required,  The  triangle. 

I.  To  put  ab  on  the  primitive  circle .  Fig.  1.  6.  PL  VII. 

1  ft.  From  b,  with  the  fecant  of  Ab,  36°  87,  cut 
0  f  in  c,  and  c  will  be  the  center  of  the  circumference 
through  b,  d,  e. 

2d.  From  ©,  with  the  tangent  of  520  \of  the  fup¬ 
piement  of  Aa,  defcribe  an  arc  xc. 

3d.  Make  an  angle  c aq  =  Ad,  25*  55*5  make 
aq  equal  bx.  (=  fecant  of  520  io'.) 

4th.  From  c,  with  the  radius  cq,  cut  xc  in  c\ 
From  c9  with  the  radius  qa,  defcribe  a  circumference 
adg  ;  and  the  triangle  abd,  is  that  which  was  re¬ 
quired:  whofe  fides  ab,  bd,  da,  are  meafured  as  fol¬ 
lows. 

5th.  A  ruler  on  b  and  a  gives  d ,  and  on  a  and  b, 
gives/;  make  dg>  fh9  each  90  degrees;  a  ruler  on  g 
and  b  gives  p,  and  on  h  and  a,  gives/,  in  Of,  Oh, 
drawn  perpendicular  to  be,  ag. 

6th.  A  ruler  on  p  and  d  gives  n%  and  on  p  and  d, 
gives 

7th. 
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7th.  Then  b a,  b//,  Am ,  meafured  on  the  chords, 
gives  290  50';  63°  59';  42°9/;  for  the  relpe&ive 
meafures  of  b a,  bd,  ad. 

The  directions  for  this  conftruCUon,  may  be  eafily 
applied  to  the  putting  either  of  rhe  other  fides  on  the 
primitive  circle.  Fig.  2.  6.  and  3.  6.  PL  VII. 

Computation  by  the  Logarithmic  Scales . 

*To  find  the  fide  bd.* 

The  angles  including  the  fide  bd,  are  z.b  =  3 6°  08' 

And  2Ld  =  25  55 

Their  difference  call  x  =  10  13 

The  fupplement  of  the  L.  oppofite  to  bd  is  52  10 

The  fum  of  the  fupplement  of  jLa  and  x  is  62°  23'} 
the  half  fum  is  310  11 

The  difference  of  the  fupplement  of  Z.A  and  x  is 
410  57';  the  half  difference  is  20°  58  f. 

Now  on  the  fines,  the  extent  from  the  half  fum 
310  \if  to  25“  55'  will  reach  from  36°  08'  to  a 
fourth  fine  5  and  the  extent  from  that  fourth  fine  to  the 
fine  of  the  half  difference  20°  5%-'  will  reach  on  the 
verfed  fines  from  the  beginning  to  about  64°  the  fide 
fought. 

And  in  like  manner  may  the  other  fides  be  found. 


/ 


Sect*  XIX. 

Of  the  proportional  Compajfes . 


THOSE  compaffes  are  called  proportional, 
whofe  joint  lies  between  the  points  terminating 
each  leg;  in  fuch  a  manner,  that  when  the  compafie* 
are  opened,  the  legs  form  a  crofs. 

Such  compaffes  are  either  fimpie  or  compound. 


Simple 
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Simple  proportional  compafles,  are  fuch,  whofe 
center  is  fixed :  One  pair  of  thefe,  ferve  only  for  one 
proportion. 

Thus,  if  a  right  line  is  to  be  divided  into  2,  3,  4, 
5,  &e.  equal  parts ;  or  the  cord  of  4,  4-  ParC 

of  a  circumference  is  to  be  taken  ;  there  muft  be  as 
many  of  fuch  compafles,  as  there  are  diftindt  opera¬ 
tions  to  be  performed. 

In  each  cafe,  take  the  length  of  the  right  line,  or 
of  the  radius  of  the  circle,  between  the  longer  points 
of  the  legs  •,  and  the  diftance  of  the  fhorter  points  will 
be  the  part  required. 

Compound  proportional  compafles,  are  thofe 
wherein  the  center  is  moveable;  fo  that  one  pair  of 
thefe  will  perform  the  office  of  feveral  pairs  of  the 
Ample  fort. 

In  the  (hanks  of  thefe  compafles  are  grooves, 
wherein  Aides  the  center,  which  is  made  faft  by  a  nut 
and  ferew. 

On  each  fide  of  thefe  grooves,  feales  are  placed; 
which  may  be  of  various  forts,  according  to  the  fancy 
ot  the  buyer:  But  the  feales  which  the  inftrument- 
makers  commonly  put  on  thefe  compafles,  are  only 
two,  viz.  lines  and  circles. 

By  the  fcale  of  lines,  a  right  line  may  be  divided 
into  a  number  ot  equal  parts,  not  exceeding  the 
greateft  number  on  the  fcale;  which  is  generally  12. 

Exam.  I.  To  divide  a  given  right  line,  (fuppofe 
of  7-P  inches  long,)  into  a  propofed  number  of  equal 
parts,  (as  11.) 

Operation.  Shut  the  compafles ;  unferew  the 
button ;  move  the  Aider  until  the  line  acrofs  it,  coin¬ 
cides  with  the  nth  divifion  on  the  fcale  of  lines; 
icrew  the  button  faft;  open  the  compafles,  until  the 
given  line  can  be  received  between  the  longer  points 
of  the  legs;  then  will  the  diftance  of  the  fhorter 

points 
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points  be  the  nth  part  of  the  given  line,  as  re¬ 
quired. 

By  the  fcale  of  circles,  a  regular  polygon  may  be 
inferibed  in  a  given  circle;  provided  the  number  of 
fides  in  the  polygon,  do  not  exceed  the  numbers  on 
the  fcale,  which  commonly  proceed  to  24. 

Exam.  II  Fo  inferibe  in  a  circle  of  a  known  ra¬ 
dius,  (fuppofe  6  Inches)  a  regular  polygon  of  12  fides  ? 

Operation  Shut  the  compares ;  unferew  the 
button;  Aide  the  center  until  its  mark  coincides  with 
the  1 2th  divifion  on  the  fcale  of  circles;  ferew  the 
button  fad;  take  the  given  radius  between  the  longer 
points  of  the  legs  ;  then  will  the  didance  of  the 
fhorter  points,  be  the  fide  of  the  polygon  required. 

These  leaks  are  applicable  to  feveral  other  ufes 
befide  the  foregoing  ones,  in  the  fame  manner,  as  the 
like  lines  on  the  fedtor  arc. 

From  thefe  operations  it  is  evident,  that  the 
lengths  of  the  longer  and  fhorter  legs,  (reckoned 
from  the  center,)  mud  always  be  proportional  to  the 
didance  of  their  extremities. 

Therefore,  to  divide  a  right  line  into  2,  3,  4,  5, 
6,  7,  8,  fsfr.  equal  parts ;  the  lengths  of  each  leg, 
from  the  center,  will  be  exprelTed  by  the  following 
feries,  the  whole  length  of  the  indrument  being  taken 
for  unity. 

Longer  leg  4,  4,  4-, 

Shorter  leg  4i 


These  divifio-s  may  be  very  accurately  laid  on  the 
legs  of  the  compaiTes  by  the  help  of  a  good  fedtor. 
(See  Prob.  14.) 

Or,  the  divifioRS  of  this  fcale  of  lines  may  be  found 
by  the  following  conftrudtion. 


Draw 
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Draw  the  indefinite  right  line  de;  and  from  any 
point  a,  without  de,  draw  a a9  equal  to  the  fiiank 


Through  a  draw  the  right 


- - 

equal  to  the  given  line  from 
whofe  parts  the  proportions  are  taken. 

Let  a  a  contain  n  parts. 

Now  that  ab  may  be  the  nth  part  of  ab,  or,  that 
ab  may  be  n  times  ab. 

X  1  t 

Let  ac  — r— ■  n,  or  a c  =±  — : —  n  *9 

n  4.  i  n  4-  i 

then  the  point  c  is  the  center  of  the  fcrew  pin.  And 
through  c,  drawing  bc,  meeting  de  in  b\  then  is 

ab  =  —  of  ab,  or  ab  =  n  times  ab. 


n 


ab 


For  —  =  —  =s  * 

1 


MC 

AB  AC 

If  the  center  of  the  fcrew-pin  be  difiant  from  the 
mark  in  the  fiider,  the  —  part  of  N. 

771  1 

Then  ac  =  X  —  (putting  s  =s  n  +  J.) 

Ex.  If  N  =  10000,  m  =  400,  and  n  =  1,  or  2, 
or  3,  &V. 

Then  ac  =  5000,  or  3333,  or  2500,  &V.  when 
the  divifions  on  the  fiiank  refped  the  center  pin. 

And  ac  =  5  5o45  or  3358  or  2525, 

d  4975  or  33°8  or.  2475^  3 

when  the  divifions  refpeft  a  mark  in  the  Aider,  diftant 

from  the  center  pin,  ^  of  the  length  of  the  Inftrument. 

The  fcale  for  dividing  of  the  circle,  or  the  divifions 
For  regular  polygons  may  be  found  thus. 

Find  the  angles  at  the  center,  of  as  many  regular 
polygons  as  are  to  be  defcribed  on  the  compafies. 

Seek  the  fines  belonging  to  the  half  of  each  angle, 
to  the  radius  i.  To 
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To  each  of  thefe  fines  doubled,  add  the  radius  1. 

I  hen  will  the  reciprocal  of  thefe  numbers,  be  the 
lengths  o f  the  polygonal  divifions,  on  the  legs  of  the 
compaffes,  reckoned  from  the  longer  point*  the  length 
of  the  inftrument  being  accounted  unity. 

For  the  longer  and  fhorter  legs,  for  points)  are 
in  the  fame  ratio,  as  are  the  radius  and  chord  of  the 
angle  at  the  center. 

And  as  the  fum  of  the  radius  and  chord,  is  to  the 
radius  *  fo  is  the  lum  of  the  longer  and  fhorter  legs, 
(or  points)  to  the  length  of  the  longer  point. 

And  hence  was  the  following  table  compofed, 
which  fhews  the  decimal  parts  on  the  leg,  from  the 
longer  point  to  the  center. 


|N°  Sides. 

Length  on 
the  Leg. 

2 

0 

• 

Q- 

n> 

m 

• 

r 

Length  on 
the  Leg. 

N°  Sides. 

L.ength  on 
the  Leg. 

3 

°’3333 

I  J 

0,6596 

!j9 

0,7523 

4 

0,4142 

I  2 

o,6sSg 

20 

0,7617 

5 

°>4 597 

*3 

0,6763 

2  1 

0,7706 

6 

0,5000 

14 

0,6921 

22 

0,7785 

7 

0*5344 

1  5 

0,7063 

23 

o,/86o 

8 

0,5665 

;  6 

°>7I93 

24 

°>793 1 .  | 

9 

0,5940 

*7 

0,73  !3 

10 

o,6i 80 

18 

0,7423 

I 

These  divifions  may  be  truly  laid  off  by  the  help 
of  a  good  fector  *  making  the  whole  length  of  the 
proportional  compaffes,  a  tranfverfe  diflance  to  10 
and  10,  on  the  line  of  lines. 

The  complements,  to  unity,  of  the  numbers  in 
the  table,  will  give  the  diftances  of  the  divifions  from 
the  other  point  of  the  inftrument. 


K 
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If  the  mark  in  the  Aider,  is  at  fome  diftance  from 
the  center,  as  it  commonly  is,  then  this  diftance, 
which  is  always  known,  mu  ft  be  added  to,  or  fub- 
t rafted  from,  the  foregoing  numbers,  according  to 
that  fide  of  the  center  the  mark  is  on  *,  and  the  fums, 
or  remainders,  will  give  the  diftances  of  the  divifions 
from  one  of  the  points. 

About  Michaelmas ,  1746,  was  finifhed  a  pair  of 
proportional  compaftes,  with  the  addition  of  a  very  cu¬ 
rious  and  ufeful  contrivance  ;  (fee  the  plate  fronting 
the  title  page)  viz.  into'  one  of  the  legs  (A)  at  a 
fmal)  diftance  from  the  end  of  the  groove,  was  ferew- 
ed  a  little  pillar  (a)  of  about  /  of  an  inch  high,  and 
perpendicular  to  the  laid  leg  •,  through  this  pillar,  and 
parallel  to  the  leg,  went  a  fcrewr  pin  (bb)  *,  to  one 
end  of  this  ferew,  was  foldered  a  fmall  beam  ( cc)  near¬ 
ly  of  the  length  of  the  groove  in  the  compaftes  •,  the 
beam  was  flit  down  the  middle  lengthwife,  which  re¬ 
ceived  a  nut  (/)  that  Aid  along  the  flit  (dd)\  this 
nut  could  be  fere  wed  to  the  beam-  fail  enough  to  pre¬ 
vent  Aiding'*,  one  end  (e)  of  the  ferew  of  the  nut  (/) 
falls  into  a  hole  in  the  bottom  of  the  ferew  to  the 
great  nut  (g)  of  the  compaftes  ;  the  ferew  pin  (bb) 
p.afted  through  an  adjufter  (h) :  To  ufe  this  inftru- 
ment,  fhut  the  legs  clofe,  flacken  the  ferews  of  the 
nuts  g  and/*,  move  the  nuts  and  Aider  k  to  the  divi- 
fton  wanted,  as  near  as  can  be  readily  done  by  the 
hand  *,  ferew  faft  the  nut/;  then  by  turning  the  ad¬ 
jufter  by  the  mark  on  the  Aider  k,  maybe  brought 
exaftly  to  the  divilion  ;  ferew  faft  the  nut  g  ;  open 
the  compaftes ;  gently  lift  the  end  e ,  of  the  ferew  of 
the  nut/,  cut  of  the  hole  in  the  bottom  of  the  nut  g  *, 
move  the  beam  round  its  pillar  and  flip  the  point 
into  the  hole  in  the  pin  n  ;  flacken  the  ferew  of  the 
nut/;  take  the  given  line  between  the  longer  points 
of  the  compaftes,  and  ferew  faft  the  nut/:  Then 
may  the  fhorter  points  of  the  compaftes  be  ufed  with¬ 
out  any  danger  of  the  legs  changing  their  pofition  ; 
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this  being  one  of  the  inconveniencies  that  attended  the 
proportional  compares  before  this  ingenious  con¬ 
trivance  •,  which  was  made  by  Mr.  Th:  mas  Rath , 
Mathematical  inftrument- maker  in  the  Strand,  L  n - 
don.  ' 

The  proportional  compaffes  had  not  been  long  in¬ 
vented  before  there  were  feveral  learned  and  ingenious 
perfons  who  contrived  a  great  variety  of  fcales  to  be 
put  thereon  5  bur  thefe  are  here  omitted,  becaufe  the 
credit  of  the  proportional  compaffes  is  greatly  fallen^ 
fince  the  invention  of  the  fedtor,  the  latter  being  a 
much  more  ufeful  inftrument  than  the  former,  and  not 
fo  fubjedt  to  be  put  out  ot  order  *,  for  if  one  of  the 
points  of  thefe  compaffes  ihould  be  blunted  or  broke, 
the  inftrument  cannot  be  uled,  until  the  damaged 
point  be  replaced  by  a  new  one.  However,  thofe 
who  are  defirous  of  knowing  the  conftrudfion  and  ufe 
of  ftich  fcales  on  the  proportional  compaffes,  may  be 
amply  fathfied  in  confulting  Hulfius ,  Hcrfcher ,  Gal - 
gemaire  Eton,  and  others  mentioned  in  the  preface 

to  this  book. 

» 


K  2 

i 


A  F-* 


l 


A  P  P  E  N  D  I  X. 


CONTAINING 

The  Description  and  Use  of  the 

G  UNNER8  CALLIPERS. 

j8$,5s£2G£  Pair  of  Callipers  is  an  inftrument  ufed  to 
JSC  A  M  take  the  diameters  of  convex  and  concave 

30*8  bodies.  . 

The  inftrument  called  the  Gunners  Callipers,  ron- 
fifts  of  two  thin  rulers  or  plates,  which  are  moveable 
quite  round  a  joint,  by  the  plates  folding  one  over  the 
other. 

The  length  of  each  ruler  or  plate  is  ufually  between 
the  limits  of  fix  inches  and  a  foot,  reckoned  from  the 
centre  of  the  joint;  and  from  one  to  two  inches 
bioad  :  But  the  moll  convenient  ufeful  fize  is  about 
nine  inches  long.  The  figure  is  belt  feen  in  the 
pate. 

On  thefe  rulers  are  a  variety  of  feales,  tables,  pro¬ 
portions,  &c  fuch  as  are  efteemed  ufeful  to  be  known 
by  gunners  and  other  perfons  employed  about  artil¬ 
lery  :  But  except  the  taking  of  the  calibre  of  fiiot  and 
cannon,  and  the  meafuring  of  the  magnitude  of  jaliant 
and  entring  angles ,  there  are  none  of  the  articles  with 
which  the  callipers  are  ufually  filled,  eflential  to  this 
inftrument  ;  the  feales  are,  or  may  be,  put  on  the 
fedcor  ;  and  the  tables,  precepts,  &c.  may  be  put 
iruo  a  pocket  book,  where  they  will  not  need  fo  much 
contradion  :  However,  for  the  fake  of  thofe  who  are 

defirous 
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defirous  of  having  a  fingle  inflrument  perform  many 
things,  the  following  articles  and  their  difpofition  on 
the  callipers  are  here  offered  :  Some  of  which  were 
propofed  many  years  ago  by  my  muchefteemed  friend 
Mr.  Charles  Lahelye ,  engineer  to  the  woiks  of  Weft- 
minfier -bridge. 

Articles  propofed  to  be  put  on  the  Gunners  Cal  iper* - 

I.  The  meafures  of  convex  diameters  in  inches. 

II.  The  meafures  of  concave  diameters  in  inches. 

III.  The  weights  of  iron  fhot  from  given  dia¬ 
meters. 

IV.  The  weight  of  iron  fhot  proper  to  given  gun 
bores. 

V.  T he  degrees  of  a  femicircle. 

VI.  T  he  proportion  of  Troy  and  Averdupoife 
weight. 

VII.  The  proportion  of  Englifh  and  French  feet 
and  pounds. 

VIII.  Factors  ufeful  in  circular  and  fpherical 
figures. 

IX.  Tables  of  the  fpecific  gravity  and  weights  of 
bodies. 

X.  Tables  of  the  quantity  of  powder  neceffary  for 
proof  and  ferviceof  brafs  and  iron  guns. 

XI.  Rules  for  computing  the  number  of  fhot  or 
fhells  in  a  finifhed  pile. 

XII.  Ru  les  concerning  the  fall  of  heavy  bodies. 

XIII.  Rules  for  the  railing  of  water. 

XIV.  The  rules  for  fhooting  with  cannon  or  mor¬ 
tars. 

XV.  A  line  of  inches 

XVI.  Logarithmic  fcales  of  numbers,  fines,  ver- 
fed  fines  and  tangents. 

XVII.  A  sectoral  line  of  equal  parts,  or  the  line 
of  lines. 

XVIII.  A  sectoral  line  of  plans  or  fuperficies. 

XIX.  A  sectoral  line  of  folids. 

K  3  ‘  The 
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The  Callipers  propofed  for  the  reception  of  the 
foregoing  articles  is  nine  inches  long,  and  each  leg  two 
incn  s  broad  at  the  head,  and  at  the  points  ;  part  of 
the  bread  h  between  the  ends  is  hollowed  away  in  a 
curve,  m  oner  co  contain  the  curva  ure  of  the  ball, 
whof-  diameter  is  taken  between  the  points  ;  one  of 
ten  inches  diameter  is  the  larged  that  can  conveniently 
be  taken  with  a  nine  inch  Calliper*,  thofe  of  fix  inches 
cannot  well  be  applied  to  a  (hot  of  more  than  feven 
inches  diameter. 

For  the  eale  of  reference ;  it  will  be  convenient  to 
chdinguifh  the  four  faces  of  the  Callipers  by  the  let¬ 
ters  a,  b,  c,  d  :  Each  of  the  faces  a  and  d  con  lift  of  a 
circular  head  and  a  leg  *,  the  other  faces  b  and  c  con- 
fid  only  of  a  leg. 

ARTICLE  I. 

Of  the  meafures  of  convex  diameters . 

On  part  of  the  circular  head  joining  to  the  leg  of 
the  face  a,  are  divifions  diftinguifhed  by  the  tide  of 
foot  diameters  :  Thefe  are  to  (hew  the  diftance  in  in* 
dies,  and  tenth  parts  of  an  inch,  of  the  points  of  the 
Callipers  when  they  are  opened. 

t  h  e  u  s  E. 

Open  the  points  of  the  Callipers  fo,  that  they  may 
take  in  the  greateft  diameter  of  the  ball  *,  then  will 
the  bevil  edge  marked  e  fhew  among  the  forefaid  di¬ 
vifions,  the  diameter  of  that  ball  in  inches  and  tenth 
parts,  not  exceeding  ten  inches. 

'Thefe  divifions  may  he  thus  laid  down  by  the  feel  or. 

Open  the  lector  until  the  radius  of  the  circle, 
whereon  is  marked  the  fcale  of  divifions  on  the  head 
pf  the  Callipers,  taken  with  the  compares,  falls  tranf- 
verfeiy  in  the  lcales  of  lines,  on  the  divifions  (hewing 
the  diftance  between  the  centre  of  the  Callipers  and 
its  points :  Then  the  tranfverfe  diftances  of  the  feveral 

divifions 
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divifions  on  the  fcales  of  lines,  being  applied  like 
chords  to  the  circle  of  divifions  on  the  head  of  the 
Callipers  will  give  the  divifions  required. 

Thus  in  the  nine  inch  Callipers,  the  radius  of  the 
head,  or  circle  of  divifions  being  one  inch,  and  the 
breadth  at  the  points  two  inches ;  the  diftance  between 

the  centre  and  points  will  be  (</  82  — )  9,055385  : 
Then  one  inch  being  made  atranfverfe  difiance  on  the 
fcales  of  lines  to  g  ^4^  >  the  tranfverfe  diftancesof  10, 
9,  8,  7,  6,  &c.  being  applied  to  the  circle  on  the 
head  of  the  Callipers  appropriated  for  the  fcale,  from 
the  mark  where  the  divifions  commence,  will  give  the 
feveral  points,  which  being  cut  by  the  bevil  edge  e 
will  fhew  how  far  the  points  of  the  Callipers  are  di- 
flant. 

The  workmen  generally  lay  thefe  divifions  down 
by  trial. 

ARTICLE  If. 

.  .  ✓  1 

Of  the  weights  of  iron  foot. 

On  the  circular  bevil  part  e  of  the  face  b,  is  a  fcale 
of  divifions  denominated  by  tb  weight  of  foot.  Thefe 
are  to  fhew  the  weights  of  iron  fhot  when  the  dia¬ 
meter  is  taken  between  the  points  of  the  Callipers : 
For  then  the  number  cut  by  the  inner  edge  of  the  leg  a, 
fhews  the  weight  of  that  iron  (hot  in  pounds  averdu- 
poife,  when  the  weight  is  among  the  lollowing  ones, 
viz. 

ife.  ~.  1.  r~.  2.  3.  4.  6.  8.  9.  12.  1 6.  18.  24.  16. 

32. 36. 42. 

Observing  that  the  figures  neareft  the  bevil  edge 
anfwer  to  the  fhort  lines;  and  thofe  figures  behind  them 
anfwer  to  the  divifions  marked  with  the  longer  ftrokes 
or  lines. 

These  divifions  are  to  be  laid  down  from  a  table 
fliewing  the  diameters  of  iron  fhots  to  given  weights. 
Such  a  table  is  computed  by  knowing  the  weight  of 
one  fhot  of  a  given  diameter :  Thus  an  iron  fhot  of 

K  4  four 
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four  inches  diameter  is  found  to  weigh  nine  pounds : 
Then  the  weights  of  fpheres  being  to  one  another  as 
the  cubes  of  their  diameters,  Say,  As  9  is  to  64, 
the  cube  of  4. 

So  is  any  other  weight,  to  the  cube  of  its  diameter. 

Then  the  cube  root  being  taken  will  give  the  dia¬ 
meter. 

Nowfetting  the  points  of  the  Callipers  to  touch  one 
another,  make  a  mark  on  the  bevil  edge  e  oppofite 
to  the  inner  edge  of  the  leg  a  *,  and  this  mark  will 
be  the  beginning  of  this  fcale  of  weights  :  The  other 
divifions  will  be  obtained  by  opening  the  points  of 
the  Callipers  to  the  diflances  refpedting  the  weights  to 
be  introduced,  as  fhewn  by  the  table,  and  marking  the 
divifion  oppofite  to  the  inner  edge  of  the  leg  a. 

/  s 

ARTICLE  III. 

Of  the  meafures  of  concave  diameters . 

On  the  lower  part  of  the  circular  head  of  the  face 
A,  and  to  the  right  hand  of  the  divifions  for  the  dia¬ 
meters  of  fhot,  is  another  fcale  of  divifions,  againft 
which  Hands  the  words  Bores  of  Guns. 

THE  USE. 

To  find  the  calibre ,  or  the  diameter  of  the  bore  of  a 

cannon. 

Sup  the  legs  of  the  Callipers  acrofs  each  other, 
until  the  fteel  points  touch  the  concave  furface  of  the 
gun  in  its  greatefl  breadth ;  then  will  the  bevil  edge 
f,  of  the  face  b,  cut  a  divifion  in  the  fcale  [hewing 
the  diameter  of  that  bore  in  inches  and  tenth  parts. 

In  the  nine  inch  Callipers  thefe  divifions  may  be 
extended  to  1 8  inches  diameter  ,  but  14  inches  is  Effi¬ 
cient  for  both  cannon  and  mortars  :  And  in  the  fix 
inch  Callipers  a  diameter  greater  than  10  inches  can¬ 
not  be  conveniently  introduced. 
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tfhefe  divifions  may  be  thus  laid  down  by  the  feflor. 

Set  one  inch  the  radius  of  the  circle  on  which  the 
divifions  are  to  be  put,  as  a  tranfverfe  diftance  to  the 
divifion  g-fio-o  on  the  fcale  of  lines  on  the  fedlor  :  Set 
the  points  of  the  Callipers  together,  and  make  a  mark 
on  the  circular  head  where  it  is  then  cut  by  the  bevil 
ege  f  :  Then  the  feveral  tranfverfe  diftances  taken 
from  the  feeler,  and  applied  on  the  circumference  of 
the  circular  head  of  the  Callipers,  from  the  laid  mark, 
the  feveral  divifions  (hewing  the  diftance  of  the  points 
of  the  Calliper  are  thereby  obtained. 

Workmen  find  thefe  divifions  by  adlually  fetting 
the  points  to  the  diftance. 

ARTICLE  IV. 

Of  the  weights  of  foots  to  given  gun  bores . 

Within  the  feales  of  fhot  and  bore  diameters  on 
the  circular  part  of  the  face  a  are  divifions  marked 
Pounders. 

THE  USE. 

When  the  bore  of  a  gun  is  taken  between  the  points 
of  the  Callipers,  the  bevil  edge  f  will  cut  one  of  thefe 
divifions,  or  be  very  near  one  of  them  :  Then  the 
number  (landing  againft  it  will  (hew  the  weight  of 
iron  fhot  proper  for  that  gun  ;  not  exceeding  42 

The  inner  figures  i~,  3,  5L  8.  12.  18.  26.  3*6. 
belong  to  the  longeft  ftrokes  or  lines ;  and  the  figures 
1.  2.  4.  6.  9.  16.  24.  32.  42  belong  to  the  fhort 
ftrokes. 

The  diameters  given  by  thefe  pounders  are  larger 
than  thofe  given  for  the  fame  weights  of  fhot  ;  be- 
caufe  there  is  an  allowance  made,  called  IVindage ,  that 
the  fhot  may  roll  eafily  along  the  chace. 
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ARTICLE  Y. 

Of  the  degrees  in  the  Jemicircular  head. 

These  degrees  are  placed  on  the  upper  half  of  the 
circular  head  of  the  face  a,  where  are  three  concen¬ 
tric  feales  of  degrees  :  The  outward  fcale  has  180  de¬ 
crees  numbered  from  the  right  to  left,  with  10.  20. 
30.  40.  &c.  to  180  :  The  middle  fcale  is  numbered 
in  the  lame  manner,  but  the  contrary  way  :  And  the 
inmoft  fcale  begins  in  the  middle  with  o,  and  is  num¬ 
bered  from  thence  both  ways  with  10.  20.  30.  &c.  to 
90  degrees. 

THE  USE. 

Fir  ft  to  me  afire  an  entring ,  or  internal ,  angle. 

Apply  the  legs  of  the  Callipers  fo  that  its  outfide 
edges  coincide  with  the  legs  of  rhe  given  angle  ;  then 
will  the  bevii  edge  f  cut  the  degrees  fhewing  the  mea- 
fure  of  that  angle  in  the  outfide  fcale. 

Secondly .  To  me  afar  e  a  faliant,  or  external ,  angle . 

Slip  the  legs  of  the  Callipers  acrofs  each  other,  fo 
as  their  outfide  edges  may  coincide  with  the  legs  of 
the  given  angle  ;  then  will  the  bevii  edge  e  cut  the 
degrees  (hewing  the  meafure  of  that  angle  :  Thefe 
degrees  are  to  be  counted  on  the  middle  fcale. 

Hence  an  angle  of  any  number  of  degrees  may  be 
readily  laid  down  by  the  Callipers,  either  on  paper, 
or  in  the  field. 

Thus.  Open  the  Callipers,  the  legs  being  eroded, 
until  the  edge  e  cuts  the  degrees  on  the  middle  fcale ; 
the  eroding  edges  of  the  inftrument  will  then  form  the 
Tides  of  that  required  angle  :  The  Callipers  then  laid 
fiat  on  the  paper  or  ground,  lines  drawn  by  the  ftrait 
Tides  will  exprefs  that  angle. 

Thirdly . 
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Thirdly.  To  find  the  elevation  of  cannon  and  mortars ,  or 
of  any  other  oblique  plane  or  line . 

Pass  one  end  of  a  fine  thread  into  the  notch  on  the 
plate  b,  and  to  the  other  end  tie  a  bullet,  or  other 
weight :  Apply  the  ftrait  fide  of  the  plate  a  to  the 
fide  of  the  body  whofe  inclination  is  wanted  •,  hold  the 
plate  a  in  this  pofition,  and  move  the  plate  b  until 
the  thread  falls  upon  the  line  near  the  centre  marked 
Perp .  Then  will  the  bevil  edge  f  cut  the  degrees, 
counted  on  the  inner  fcale,  (hewing  the  inclination 
which  that  body  makes  with  the  horizon. 

Note.  When  the  edge  f  cuts  o  on  the  inner  fcale  ; 
and  the  firing  cuts  thzPerp.  mark,  then  the  ftrait  fide 
of  the  leg  a  is  horizontal :  If  the  head  of  the  Callipers 
is  elevated  above  the  other  end,  then  the  edge  f  muft 
Hide  downwards  towards  the  ftrait  fide  of  the  leg  a  : 
But  if  the  head  of  the  Callipers  is  held  lower  than  the 
other  end,  then  muft  the  edge  f  flide  the  contrary 
way. 

As  the  outfide  of  a  cannon  or  mortar  is  not  pa¬ 
rallel  to  its  chafe  ;  therefore  a  ftrait  ftick  muft  be  ap¬ 
plied  to  the  bottom  or  top  of  the  bore,  touching  the 
chafe  ;  and  the  fide  of  the  Callipers  be  laid  on  that 
ftick. 

ARTICLE  VI. 

Of  the  proportion  of  Troy  and  Averdupoife  Weights . 

On  the  face  c  near  the  point  of  the  Callipers  is  a 
little  table  fhewing  the  number  of  pounds  that  are 
contained  in  an  equal  weight  exprefted  in  pounds 
Troy  *,  and  the  contrary. 

These  numbers  are  taken  from  very  accurate  ex¬ 
periments  made  in  the  year  1744  by  the  late  Martin 
Folkes ,  Efq-,  Prefident  of  the  Royal  Society,  afiifted 
by  feveral  other  gentlemen  of  that  learned  Body. 
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The  Table. 


ft  Troy  ft  Averd. 
576, 00000=700 
1,00000=  0,82274 
1,2154 5=  1,00000 


oz.  Troy  oz.  Averd. 
82  =90 

1,00000=  1,09707 
0,91152=  1,00000 


THE  USE. 

Example  I.  /F’A?/  weight  in  founds  Troy  is  equal  to  a 
hrafs  gun  weighing  1 8  C  wt. 

Now  1 8  C  wt.  is  equal  to  2016  ft  (=18x112^. 
Then  1  ;  1,21545  :  :  2016  :  2450  ft,  Troy. 

Or,  0,82274:  i  :  :  2016  :  2450  ft  Troy. 

Or,  576:  700  :  :  2016  :  2450  ft  Troy. 

Either  of  thefe  methods  may  be  ufed  as  the  ope¬ 

rator  pleafes. 

Example  II.  What  is  the  worth  of  a  ton  of  gold  *,  fup- 
pofing  J  ft  j Troy  makes  444  guineas. 

Now  1  Ton  =2240  ft  Averd.  (  =  20X112). 

And  1  :  1,21545  :  :  2*40  :  2722,6  ft  Troy. 
Also  444  Guineas,  makes  46,725^  (teriing. 
Then  i  :  2722,6  :  :  46,725  :  127213.485 
Or,  1 2 72 1 3  /.  gs.  2d.  T. 

But  if  Troy  pounds  were  given  to  be  converted  into 
Averdupoile  pounds,  then  the  numbers  in  the  Troy 
column  muft  be  the  firft  terms  of  the  proportions. 


Example  III.  If  a  hrafs  gun  weighs  2450  ft  Troy ; 
What  is  its  weight  in  Averdupoife  ? 

Then  i  :  0,82274  :  :  2450  12015, 7ft Ave. 
Or,  1,21545  :  1,00000  :  :  2450  .*2015,7 
Or,  700  :  576  :  :  2450  :  2016. 

Although  the  Averdupoife  pound  is  heavier  than 
the  Troy  pound,  yet  the  Troy  ounce  is  heavier  than 
the  Averdupoife  ounce,  nearly  in  the  proportion  of  90 
1082.  “  v  Ex- 
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Example  IV.  In  a  chefl  of  fdver  containing  4380 
pieces  of  eighty  each  piece  weighing  4  of  an  ounce  Troy: 
How  many  ounces  Averdupoife . 

Then  82  :  90  :  :  438°X4  :  3845,88 

Or,  1  :  1,09707  :  :  438°X4  :  3844^3 

Or,  0,91152  :  1  :  :  4380x4  :  3844,13 

Close  to  the  former  table  is  another,  fhewing  the 
number  of  cubic  inches  in  a  gallon,  both  in  wine  and 
beer  meafures  •,  and  confequently  their  proportions  : 
One  ufe  is  fhewn  by  the  following  Example, 

How  long  will  33  butts  of  beer  ferve  a  crew  of  324  meny 
allowing  to  each  man  3  wine  quarts  a  day  ? 

Now  33  butts  contain  3564  beer  gall.  (=108x33) 
And  231  :  282  ::  3564  :  43504  wine  gallons. 
And  43504  gallons  makes  174034  quarts, 

Then  17403  divided  by  324  gives  very  near  54. 
Consequently  4  of  54,  or  18  days,  is  the  time 
that  the  beer  will  ferve. 

If  wine  gallons  were  to  be  converted  into  beer 
gallons. 

Say  282  :  231  :  :  wine  gallons  :  beer  gallons. 
Or  94  :  77  :  :  W.  G.  :  B.  G. 

ARTICLE  VII. 

Of  the  proportion  of  the  Englijh  and  French  feet  and 

pounds . 

Near  the  point  of  the  face  d  of  the  Callipers  are 
two  tables  fhewing  the  proportion  between  the  pound 
weights  of  London  and  Paris ,  and  alfo  between  the 
lengths  of  the  foot  meafure  of  England  and  France . 
Thefe  are  according  to  the  accurate  ftandards  fettled 
between  the  Royal  Societies  of  London  and  Paris  about 
the  year  1 743. 
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Eng-  ft. 
1,08  = 

1,00  = 
108  == 


The  Tabl  ES. 


F.fc. 

1,00 

0,926 

100. 


Eng.  F*.  Fr.  Ff. 

114  =  107 

1,000  ==  0,9386 

1,06543s  1,0000 


THE  USE. 

Example  I.  Suppofe  a  crew  of  54  Engtifh  failors  were 
to  attack  a  French  fort ,  and  carry  off  6  pieces  of  hr afs 
cannon  weighing  one  with  another  980  ft  French  : 
How  much  woiild  each  John’s  Jhare  come  to,  fuppofing 
they  could  fell  the  cannon  at  8  /.  a  hundred  weight 
Englifh  ? 

ft  F.  ft  E.  ft  F. 

Now  100  :  108  :  :  980x6  :  6350,4,  ft  Engl. 

ft  L  L 

And  112  :  8  :  :  6350,4  :  453,6  £,  fterling. 

M.  £.  M. 

Then  54  :  453,6  :  :  1  :  8,4 

So  that  the  fhare  of  each  will  be  8  guineas* 

Example  II.  How  many  Englifh  yards  are  equal  to  1 80 

French  toifes  or  fathoms  ? 

Now  1  :  1,0654  :  :  180  :  191. 672  Eng.  Fa. 

Then  180  French  Fathoms  are  equal  to  about  383 
yards  1  foot. 

ARTICLE  VIII. 

Factors  nfeful  in  circular  and  fpherical  figures . 

Near  the  point  of  the  Callipers  on  the  face  a  is  a 
table  containing  four  rules  of  the  circle  and  fphere. 
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The  Table. 

Diam.  X3,i4l6  =circumf.  7  ,  c:rru 

Sq.  Diam.  x  0,7  8  54  =rarea  \ 

Sq.  Diam.  x  3, 1416  =furface  7  r  r  , 
CubeDiam.  xo,5z36  =folidity  $  of  3  fPhere' 

THE  USE. 

Example  I.  What  is  the  circumference  of  a  circle  whofe 

diameter  is  1 2  inches  ? 

Then  (3,1416x12  =)  3756992  is  the  circumfer. 

Fxample  II.  What  is  the  area  of  a  circle  whofe  dia¬ 
meter  is  1  2  inches  ? 

Now  the  fquare  of  12  is  144. 

Then  (o,7854X  144  =)  1 13,0976  is  the  area. 

Example  Hi.  What  is  the  fuperficies  of  a  fph ere  whofe 

diameter  is  1 2  inches  ? 

Now  the  fquare  of  12  is  144. 

Then  (3,i4i6x  144=)  452,3904  the  fuperficies  of 
the  fphere. 

Example  IV.  Required  the  folidity  of  a  fphere  whofe 

diameter  is  1 2  inches  ? 

Now  the  cube  of  12  is  1728. 

Then  (0^2 ^6x  *  728m)  904.7808  is  the  folidity. 
Upon  the  circular  heads  of  Callipers  are  ufually 
placed  certain  mathematical  figures  with  numbers  fee 
to  them  *,  which  figures  and  their  numbers  may  be 
placed  near  the  points  of  the  Caljipers  here  deferibed, 
the  circular  head  being  appropriated  for  another  ufe. 
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Fhe  figures  are  thefie . 


The  numbers  in  figure  i,  are  ufeful  for  finding 
the  circumference  of  a  circle  by  knowing  its  diameter  ♦, 
or  to  find  the  diameter  by  knowing  the  circumfe¬ 
rence.  Thus 

Say  As  7  :  22  :  :  any  given  diam:  its  circum. 

And  As  22  :  7  ::  any  given  circum :  its  diam. 

Or  As  1 1 3  :  355  ::  any  given  diam:  its  circum. 

And  As  35  5:  113  ::  any  given  circum  :  its  diam. 

Fig.  2.  There  is  a  circle  infcribed  in  a  fquare  *,  a 
fquare  within  that  circle,  and  a  circle  within  the  inner 
fquare:  To  this  figure  are  fet  the  numbers  28.22. 
14.  11.  Thefe  numbers  fignify,  that  if  the  area  of  the 
outward  fquare  is  28,  the  area  of  the  infcribed  circle 
is  22  ;  the  area  of  the  fquare  infcribed  in  that  circle 
is  14,  and  the  area  of  its  infcribed  circle  is  1 1. 

THE  USE. 

Example.  What  is  the  area  of  a  circle  whofe  diameter 

is  12  ? 

Now  the  fquare  of  12  is  144. 

Then  As  28  :  22  :  :  144  :  113,1  the  area. 

Or  .  As  14  :  11  :  :  144  •  H3T 

It  may  be  obferved,  that  the  fquares  are  in  propor¬ 
tion  to  one  another  as  2  to  1  •,  and  the  two  circles  are 
alfo  in  the  fame  proportion. 

Figure  3.  Represents  a  cube  infcribed  in  a  fphere  •> 
the  number  904  fixed  to  it  fhews,  that  a  cube  of  iron, 

infcribed 
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infcribed  in  a  fphere  of  12  inches  in  diameter,  weighs 
90-^  pounds  weight. 

Figure  4.  Is  to  exprefs  a  fphere  infcribed  in  a  cube  : 
Now  this  figure  with  its  number  246^  is  to  fhew  the 
weight  in  pounds  of  an  iron  fphere  of  12  inches  dia¬ 
meter  ;  or  of  a  fphere  infcribed  in  a  cube  whofe  fide  is 
12  inches. 

Figure  5.  Reprefents  a  cylinder  and  cone,  whofe 
diameters  and  heights  are  each  one  foot  :  To  the  cy¬ 
linder  is  annexed  the  number  369-^  fhewing  the 
weight  in  pounds  of  an  iron  cylinder  of  12  inches 
diameter  and  12  inches  in  height :  And  the  number 
1 2 1  -ri  q*  joined  to  the  cone  fhews  that  an  iron  cone 
the  diameter  of  whofe  bafe  is  12  inches,  and  the  height 
12  inches,  weighs  12 1  pounds. 

Figure  6.  Shews  that  an .  iron  cube,  whofe  fide  is 
12  inches,  weighs  470  pounds  ;  and  that  a  fquare 
pyramid  of  iron,  whofe  bafe  is  a  fquare  foot,  and  its 
height  1 2  inches,  weighs  1 56^  pounds. 

These  numbers  which  have  hitherto  been  fixed  to 
the  four  laft  figures  are  not  ftri&ly  true. 

For  by  experiment  an  iron  fhot  of  four  inches  dia¬ 
meter  weighs  9  pounds. 

And  the  weights  of  fpheres  being  to  one  another  as 
the  cubes  of  their  diameters : 

Therefore  64  (—4x4X4):  9  ::  1728  (=i2X 
12x12)  :  243  pounds,  for  the  weight  of  a  fphere  of 
iron  which  is  12  inches  in  diameter:  Confequently 
the  number  243  fhould  be  ufed  inflead  of  246^-  in  the 
4th  figure. 

Again.  The  folidity  of  a  cube  infcribed  in  a  fphere 
of  12  inches  in  diameter,  is  332,55  cubic  inches. 

And  the  weights  of  bodies  of  a  like  matter  being 
in  the  proportion  of  their  folidities. 

Therefore,  As  904,7808  :  243  ;  :  332,55  : 
89,315  pounds. 

Consequently  the  number  90^  ufed  at  figure  3, 
fhould  be  89^. 
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Here  904,7808  is  the  folidity  of  a  fphere  of  12 
inches  diameter. 

At  figure  5.  the  weight  of  the  iron  cylinder 
fhouldbe  364,5  inflead  of  369  -/T,  and  the  weight  of 
the  cone  fhould  be  121,5. 

For  the  folidity  of  a  cylinder  of  12  inches  diameter, 
and  12  inches  high,  is  1357,17 1  2  cubic  inches. 

Then  904,7808  :  243  :  :  1357,1712  :  364,5 

cylinders  and  cones  having  equal  bafes  and 
heights  are  in  proportion  as  3  to  1. 

Therefore  the  4  of  364,5,  or  12  r, 5 pounds  is  the 
weight  of  the  cone. 

The  numbers  at  figure  6  annexed  to  the  cube 
fhould  be  464  pounds. 

And  that  fixed  to  the  pyramid  fhould  be  j54t 
► 

the  cube  inches  in  a  foot  cube  are  1728. 

Then  904,7808  :  243  :  :  1728  :  464. 

And  a  pyramid  is  4  of  a  cube,  the  bafes  and  height 
being  equal.  , 

Therefore  the  4  of  464  is  1544  pounds  for  the 
weight  of  the  pyramid. 

Although  it  is  ufually  reckoned  that  a  four  inch 
iron  fhot  weighs  nine  pounds  ;  and  from  thence  it  is 
deduced  that  the  cubic  foot  weighs  464  pounds  yet 
by  the  table  of  fpecific  gravity  on  the  callipers,  which 
is  framed  from  the  moil  accurate  experiments,  a  cubic 
foot  of  call  iron  weighs  almoft  446  pounds  *  which  is 
18  pound  lefs  than  the  weight  derived  from  the  4  inch 
fhot,  and  24  pound  Jefs  than  that  heretofore  graved 
on  the  callipers  *,  therefore  all  the  weights  found  from 
the  laid  4  inch  fhot,  fhould  be  diminifhed  in  the  pro¬ 
portion  of  464  to  446. 

For  the  numbers  at  figures  3,  4,  5,  6. 

As  464  :  446  :  :  89,315  :  85,85. 

As  464  :  446  :  :  243  :  233,5. 

As  464  :  44^  :  :  3^4 >5  :  35°>3- 


pounds 
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So  8 5-f  tb  is  the  weight  of  an  iron  cube  infcribed  in 
a  fphere  of  12  inches  in  diameter. 

And  2334-  lb  is  the  weight  of  an  iron  fphere  of  12 
inches  diameter. 

Also  3504  lb  is  the  weight  of  an  iron  cylinder  of 
a  foot  in  diameter  and  height. 

And  1164-  lb  is  the  weight  of  an  iron  cone  of  a 
foot  in  diameter  and  height. 

Again  446  ife  is  the  weight  of  a  cubic  foot  of  iron. 

And  1484-  lb  is  the  weight  of  an  iron  pyramid, 
having  its  bafe  a  fquare  foot,  and  its  height  equal  to 
1 2  inches. 

ARTICLE  IX. 

Of  the  fpecific  gravities  and  weights  of  bodies. 

On  the  leg  b  of  the  callipers  is  a  table  (hewing  the 
weights  of  a  cubic  inch  or  foot  of  various  bodies  in 
pounds  averdupoife.  To  the  table  here  annexed  is 
joined  the  fpecific  gravities  of  thofe  bodies,  which  are 
omitted  on  the  callipers  for  want  of  room. 
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A  Tdable  jl jewing  the  weights  of  bodies  and  their  fpecific 

gravities . 


Bodies. 

Fine  Gold.  Inch 
Standard  Gold.  Inch 
Quickfilver.  Inch. 

Lead. 

Fine  Silver.  Inch 
Standard  Silver.  Inch 
^  C  Foot 

C°PP£r  \  Inch 

Brafs.  F. 

Steel.  F» 

Bar  Iron.  F. 

Block  Tin.  F. 

Caft  Iron.  F. 

White  Marble.  F. 
Glafs.  F. 

C  Flint.  F. 

Stone  \  Portland.  F. 

C  Free.  F. 
Brick.  F. 

Brimftone.  F. 

Clay.  F. 

River  Sand.  F. 

Sea  Water.  F. 

Rain  r  Cubic  F. 

\  Cubic  Inch 
Water  J  CylindricF. 

Cylindric  Inch 
Port  Wine.  F. 

Brandy.  F. 

Olive  Oil.  F. 

Dry  Oak.  F. 

Lime.  F. 

ElmandAfh.  F. 
Wheat.  F. 

Yellow  Fir.  F. 

White  Deal.  F. 

Gun  f  F. 

Powder  {.  In. 


Weights. 

0,710359 
0,706018 
0,497657 
707,0458  1 

0,409170  5 

0,401150 
0,384440 
548,0628  l 
0,317166  ) 
506,2746 
490,6241 
485,2500 
452,3731 

445>9363 

168,8757 

162,4994 

i6i,3745  1 

160,6245  > 

158,2485  3 

125,0000 

112,5000 

112,0000 

110,0000 

64,3732 

62,5000 
0,036169  / 
49,080000  ( 
0,028403  3 
61,8000 
58,0000 
57,0624 

57*187  5 

52,0000 

50,0000 

50,0000 

41*9625 

35*5624 

69,1200  7 

0,0400  J 


Spe.  Gravit 

19,640 

19,520 

13,762 

II*3I3 

11,091 

10,629 

8,769 

8,104 

7,850 

7>764 

7.238 

7.135 

2,702 

2,600 

2,582 

2,570 

2*352 

2,000 

1,800 

4*792 

1,760 

1,030 

1,000 

0,988 

0,928 

0,913 

0,915 

0,832 

0,800 

0,800 

0,657 

0,569 

1,106 
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In  the  foregoing  table  is  contained  fuch  bodies  as 
practical  engineers  and  others  may  have  occafion  to 
know  their  refpe&ive  weights ;  there  are  indeed  a 
great  number  of  other  bodies  whole  fpecific  gravity 
have  been  determined  by  ingenious  men  :  But  thole 
only  which  were  apprehended  to  be  the  molt  ufeful 
were  feiedted  for  this  fubjedt. 

Every  one  will  readily  conceive  how  the  column 
of  weights  may  be  obtained,  namely  by  procuring 
malTes  of  a  cubic  inch  or  foot  of  the  folids,  and  care¬ 
fully  weighing  them  in  nice  fcales  to  the  fmallelt  de¬ 
gree  of  averdupoife  weight :  And  for  the  fluids,  their 
weights  may  be  determined  by  having  cubical  or  cy¬ 
lindrical  vefiels  made  to  hold  a  known  quantity  of  cu¬ 
bical  inches,  and  in  them  to  weigh  the  fluids. 

The  fpecific  gravity  of  a  body  being  the  relation 
which  that  body  has  to  fome  other  body  fixed  upon 
as  a  ftandatd  to  compare  by  and  rain  water  being 
found  to  be  alike,  or  very  nearly  fo,  in  all  places 
and  therefore  chofen  by  philofophers  as  the  proper 
ftandard  ;  confequently  by  the  word  fpecific  gravity 
of  a  body  is  meant  no  more,  than  that  it  is  fo  many 
times  heavier  or  lighter  than  water,  when  compared 
together  in  equal  balks. 

Thus  fine  filver  is  fomething  more  than  1 1  -,  that 
is,  a  mafs  of  fine  filver  will  weigh  fomething  above 
eleven  times  the  weight  of  an  equal  mafs  of  water : 
And,  fo  a  common  brick  weighs  twice  as  much  as 
the  rain  water  that  would  fill  a  mould  fitted  to  the 
brick. 

Now  the  weights  of  equal  maflfes  of  feveral  bodies 
being  determined ,  their  fpecific  gravities  may  be  rea¬ 
dily  found,  they  being  in  the  fame  proportion  to  one 
another  as  their  weights :  \  And  as  the  comparifon 
is  made  to  rain  water,  of  which,  by  repeated  experi¬ 
ments,  it  has  been  found  that  a  cubic  foot  weighed 
62 ^  pounds  averdupoife-,  therefore  dividing  the  weight 
of  a  cubic  foot  of  any  body ,  by  6i~  *,  the  quotient  will  be 
■  '  ■  L  3  the 
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the  fpecific  gravity  of  that  body,  relative  to  rain  water 
whofe  fpecific  gravity  is  reprefented  by  unity. 

The  difficulty  of  procuring  maffes  of  metals  and 
other  bodies  in  all  parts  homogenous,  and  of  having 
both  them  and  the  veffels  of  capacity  conftru&ed  to 
a  mathematical  exadtnefs,  has  rendered  this  method 
of  eflimating  the  fpecific  gravities  from  the  weights  of 
equal  bulks,  liable  to  exception  :  And  therefore  ano¬ 
ther  method  has  been  contrived  to  come  at  thefe  fpe- 
cific  gravities,  hydroflatically. 

It  is  a  well  known  thing  that  any  body  will  weigh 
lefs  when  it  is  immerfed  in  water  than  when  it  is 
weighed  in  the  open  air  ;  and  from  a  very  little  reflec¬ 
tion,  it  will  be  feen  that  the  difference  between  the 
weights  of  any  body  when  weighed  in  air  and  in  wa¬ 
ter,  will  be  equal  to  the  weight  of  fo  much  water  as 
is  equal  in  bulk  to  the  body  immerfed  :  But  the  diffe¬ 
rence  between  the  weights  of  a  body  in  air  and  in  wa¬ 
ter,  will  fhew  the  weight  of  a  bulk  of  water  equal  to 
the  body  fo  weighed  :  therefore  to  find  the  Jpecific  gra¬ 
vity  of  any  body ,  find  its  weight  in  air  and  in  rain  wa- 
.  ter ,  and  take  the  difference  of  thofe  weights  ;  then  the 
weight  in  air  divided  by  that  difference ,  will  give  the 
fpecific  gravity  required . 

If  the  folid  whofe  fpecific  gravity  is  wanted,  be 
lighter  than  water,  fo  that  it  cannot  fink  by  its  own 
weight,  let  it  be  joined  to  another  fo  weighty  that  the 
compound  may  fink  :  But  firft  let  the  lofs  of  weight 
which  the  heavy  body  alone  fuftains  in  water  be  found 
as  before  ;  and  then  let  the  lofs  of  weight  which  the 
compound  body  fuftains  be  difcovered  *,  from  which 
take  the  lofs  of  weight  of  the  heavier,  and  the  remain¬ 
der  is  the  lofs  of  weight  fuftained  by  the  lighter  ;  by 
which  dividing  the  weight  in  air  of  the  lighter  body, 
and  the  quotient  will  fhew  the  fpecific  gravity. 

When  the  fpecific  gravity  of  fluids  are  to  be  com¬ 
pared  to  each  other  \  take  a  folid  of  any  matter  and 
lhape,  fuppofe  a  glafs  ball,  hung  by  a  horfe  hair,  and 

i  immerfe 
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immerfe  this  folid  in  each  fluid,  and  find  the  lofs  of 
weight  of  the  folid  in  each  fluid,  the  weight  of  the 
body  in  air  being  firfl:  known  ;  then  will  thefe  lofies 
exprefs  the  fpecific gravities  of  thofe  fluids  :  For  fince 
the  lofs  of  weight  in  each' liquor  is  equal  to  the  weight 
of  as  much  of  the  liquor  as  is  equal  in  bulk  to  the 
body  weighed  *,  therefore  by  taking  the  lofies  of 
weight  fuftained  by  the  fame  body  in  the  feveral 
liquors,  the  abfolute  weights  are  obtained  of  fuch  por¬ 
tions  as  are  equal  in  bulk,  and  confequently  the  fpe- 
dfic  gravities  of  thofe  liquors. 

In  this  method  of  finding  the  fpecific  gravity  of  fo- 
lids,  it  is  not  neceffary  that  they  fhould  be  reduced  to 
any  regular  fliape  •,  neither  is  there  wanted  a  veflfel  of 
a  known  figure  and  capacity  to  contain  the  fluids  *  and 
confequently  the  fpecific  gravities  of  bodies,  whether 
folids  or  fluids,  may  be  very  eafily  come  at  :  But  from 
the  fpecific  gravities  to  find  the  abfolute  weights  of 
any  afligned  mafs  of  feveral  bodies,  there  muft  be 
another  experiment  made,  which  is  to  find  the  lofs  of 
weight  in  water,  of  a  body  of  a  known  magnitude  ; 
fuppofe  of  a  cylinder  of  a  homogenous  metal,  the  fo- 
lidity  of  that  cylinder  being  moft  accurately  calcu¬ 
lated  ;  then  will  the  abfolute  weight  of  an  equal  mafs 
of  water  be  known  j  and  confequently  the  weight  of  a 
cubit  foot  of  water  may  be  accurately  obtained,  from 
whence  the  abfolute  weight  of  a  cubic  foot  of  any  other 
body  whcfe  fpecific  gravity  is  known ,  may  be  found  by 
multiplying  the  fpecific  gravity  of  that  body  by  the  weight 
of  a  cubic  foot  of  water. 

\ 

SOME  USES  OF  THE  TABLE. 

The  weights  of  bodies  anfwering  to  a  given  foli- 
dity  are  of  a  twofold  ufe. 

First,  T o find  the  weight  of  a  body  of  a  given  dimen - 
fwnsy  or  folidity . 
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Secondly,  To  find  the  fiolidity  of  a  body  by  knowing 
its  weight . 

•  - 

Exam.  I.  What  is  the  weight  of  a  block  of  marble 
7  feet  long,  3  feel  broad ,  1  feet  thick  ? 

Now  7x3X2=42  feet  for  thefolidity. 

A  cubic  foot  of  marble  weigh  168,8757  pounds. 

Then  168,8757x42  gives  7092,7794  pounds. 

C  qrs.  ft 

Or,  63  :  1  :  8^  is  the  weight  of  that  marble. 

Exam.  IF.  What  is  the  weight  of  a  13  inch  iron 
bomb  Jhell ,  the  metal  being  two  inches  thick  on  a  mean  ? 

Here  the  folidity  of  two  fpheres  muft  be  found, 
one  of  1 3  inches  diameter,  and  the  other  of  9  inches 
diameter  •,  then  their  difference  being  taken  will  give 
the  folidity  of  the  fhell. 

Now  the  cube  of  1 3  is  2 197. 

And  the  cube  of  9  is  729. 

Also  2197x0,5236  gives  1150,3492  folidity. 

And  729x0,523 6  gives  381,7044  folidity. 

Their  difference  is  768,6448  cubic  inches. 

And  768,6448  divided  by  1728  gives  0,4448  parts 
of  a  cubic  foot. 

Now  a  cubic  foot  of  caft  iron  weighs  445,9363 
pounds. 

Then  445,9363x0,4448  gives  198,363  pounds 
for  the  weight  of  the  fhell. 

Exam.  III.  How  many  pigs  each  of  12  inches  long , 
6  wide  and  4  thick ,  may  be  caft  out  of  10  ton  of  melted 
lead?  _  '  • 

Now  10  ton  =10x  20=200  C.  wt. 

And  1 12x200=22400  pounds  in  10  ton. 

By  the  table,  707,0458  pound  makes  a  cubic  foot 
of  lead. 

And  22400  divided  by  707,0458,  gives  31,681 
cubic  feet,  which  the  10  ton  will  make. 

Now 
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Now  the  folidity  of  each  pig  is  4  of  a  foot. 

Therefore  31,681  feet  lolid  will  make  190  pigs. 

From  feveral  experiments  it  appears  that  middling 
fized  men,  or  thofe  between  5  feet  6  inches  and  5  feet 
9  inches  in  height,  weigh  about  150  pounds,  and  are 
in  bulk  equal  to  about  2^  folid  feet  j  and  the  fmall 
fized  men,  or  thofe  between  5  feet  3  inches,  and  5 
feet  6  inches  in  height,  weigh  about  135  pounds,  and 
are  in  bulk  equal  to  about  folid  feet  :  And  from 
thofe  expriments  it  alfo  appears,  that  mod  men  are 
fpecifically  lighter  than  common  water,  and  much 
more  fo  than  fea  water.  Confequently  could  perfons 
who  fall  into  water,  have  prefence  of  mind  enough  to 
avoid  the  fright  ufual  on  fuch  occafions,  many  might 
be  preferved  from  drowning  :  And  a  very  fmall  piece 
of  wood,  fuch  as  an  oar,  would  buoy  a  man  above 
water  while  he  had  fpirits  to  keep  his  hold. 

A  gentleman  who  had  been  on  board  of  a  Mal- 
tefe  fhip  of  war,  obferved  hanging  to  the  tafarel,  a 
block  of  wood  almoft  like  a  buoy,  and  fo  ballanced 
that  one  end  fwam  upright,  carrying  a  little  flagftaff 
with  a  fmall  vane  ;  the  perfon  who  was  on  duty  on 
the  poop  had  orders  to  cut  the  rope  by  which  the  buoy 
hung,  upon  any  cry  of  a  perfon’s  falling  over  board  *, 
and  as  the  block  would  be  in  the  fhip’s  wake  by  the 
time  the  perfon  floated  therein,  he  was  fure  of  having 
fomething  at  hand  to  fuftain  him,  till  the  boat  could 
come  to  his  affiftance ;  and  fhould  that  take  fo  long 
time  to  do,  as  that  the  diflance  from  the  fhip  to  the 
man  rendered  him  invifible,  yet  the  boat  would  have 
a  mark  to  row  towards,  (hewn  them  by  the  vane. 

Exam.  IV.  How  many  /pars  of  white  fir ,  each  of  20 
feet  long  and  a  foot  fquare ,  are  to  he  lafhcd  together ,  till 
the  raft  is  fufficient  to  float ,  in  common  water ,  300 
barrels  of  gunpowder  conducted  by  four  middling  fized 
men ,  fo  as  to  keep  the  barrels  three  inches 4  clear  of  the 
water  ? 
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A  barrel  of  gunpowder,  barrel  and  all,  weighs 
about  1 20  tb- 

So  i oo  barrels  will  weigh  12000  lb. 

And  4  men,  at  150  lb  each,  weigh  60 o  tb. 

So  that  the  raft  muft  fuftain  a  weight  of  12600  lb. 

Now  the  deal  will  of  it  felf  fink  in  the  water,  until 
the  weight  of  the  water  difplaced  is  equal  to  the  weight 
of  the  wood. 

In  each  fpar  there  is  20  feet  of  timber. 

A  cubic  foot  of  white  deal  weighs  35,5624  pounds. 

So  35,5624x20— 71 1,248  lb.  the  weight  of  one 
fpar. 

is  alfo  equal  to  the  weight  of  the  water  dif- 

bic  foot  of  common  water  weighs  62,5  lb- 

Then  62,5  :  1  :  :  711,248  :  11,38  the  number 
of  cubic  feet  which  each  fpar  will  have  immerfed  by 
its  own  weight. 

As  the  barrels  are  to  be  3  inches  clear  of  the  water, 
therefore  the  fpar  muft  be  funk  9  inches ;  and  confe- 
quently  1 5  feet  folid  of  each  fpar  muft  be  immerfed  : 

Then  15 — 11,38=3,62  the  additional  cubic  feet 
of  water  to  be  difplaced  by  each  fpar,  by  its  incum¬ 
bent  weight. 

And  1  :  3,62  : :  62,5  :  226,25th.  the  weight  which 
each  fpar  is  to  fuftain. 

Then  226,25  :  12600  ::  1  :  55,6,  &c. 

Consequently  56  fuch  fpars  lafhed  together  will 
make  a  float  fufficient  for  to  fuftain  the  given  weight 
in  the  manner  propoled. 

ARTICLE  X. 

Of  the  quantity  of  powder  ufed  in  firing  of  cannon . 

On  the  circular  head  of  the  callipers,  on  the  face 
d  is  a  table  contained  between  five  concentric  feg- 
ments  of  circular  rings  *,  the  inner  one  markt  Guns, 
fhews  the  nature  of  the  gun,  or  the  weight  of  ball  it 

carries : 
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carries :  The  two  next  rings  contain  the  quantity  of 
powder  ufed  for  proof  and  iervice  to  brafs  guns  *  and 
the  two  outermoft  rings  fliew  the  quantity  for  proof 
and  fervice,  ufed  in  iron  cannon. 

The  numbers  in  this  table  exprefs  the  Englifh 
ufage,  which  for  the  moft  part,  allows  the  weight  of 
the  foot  for  proof,  half  its  weight  in  fervice,  and  one 
fourth  of  its  weight  of  (hot  for  falutes. 

The  French  allowance  of  powder,  for  the  charge 
of  the  piece  for  fervice,  ufed  to  be  two  thirds  of  the 
weight  of  the  (hot  ;  twice  as  much  for  proof,  and 
one  fourth  of  the  weight  of  fhot  for  falutes. 


The  Table. 


Nature 
of  guns 

Brals 

Iron 

Salutes 

Scaling 

Proof 

Service 

Proof 

Service 

Pounders 

Ife.oz. 

lb-  oz. 

lb-  OZ 

fb.  OZ. 

ife.  oz. 

tfe.  oz. 

I 

1 4r 

I  .o 

i  .8 

0.8 

0.12 

I  .0 

i  .  8 

0.8 

0.12 

0.8 

0 . 1  ? 

0  .14 

0  .2 

2 

2.0 

1 . 0 

2 . 0 

1.8 

1 .0 

O  -3 

3 

3-o 

1 . 8 

2  .0 

1 . 8 

1 .8 

0  .4 

4 

4 .  o 

2 . 0 

4.0 

2 . 0 

2.0 

0  .6 

5i  ! 

5  •  4 

2.10 

5  •  4 

2 . 10 

2 . 10 

0  . 8 

6  i 

6 .  o 

3  *° 

6.0 

3  -° 

3-o 

0  . 8 

8 

S.o 

4.  0 

8.0 

4. 0 

3. 12 

0  . 10 

|  9 

1 

4  •  & 

9 .0 

4  •  8 

4-0 

0  .12 

|  1 2 

"12.0 

6. 0 

12.0 

I  6.0 

4-12 

1  .0 

18 

I1 8 .  o 

9.0 

15.0 

9 . 0 

6.0 

1  . 8 

!  24 

I2 1 . 0 

12  .O 

18.0 

1 1 . 0 

7.0 

2  .0 

. 

|  2  6 

[22  .  O 

*3  • 0 

19.0 

12.0 

7.12 

I2  .4 

1  32 

126  .  I  2 

16 ,0 

21.8 

14.O 

9.4 

|2  .12 

j  36 

(28  .  O 

| 

18  .0 

22 . 0 

1 5  • 0 

tO.O 

3  .0 

42 

3 1 . 8 

21.0 

25.0 

17.0 

II* 

13  -4_ 

Guns 


i56  APPENDIX. 

Guns  carrying  fhot  of  the  weight  i  lb.  i^-.  lb.  2  lb. 
4  lb.  5  l  lb.  8  lb.  26  lb.  36  lb.  are  now  out  of  ufe  in 
the  Britifh  navy. 

The  ufe  of  this  table  is  obvious:  For  feek  the 
name  of  the  gun  in  the  inner  ring,  and  the  weights  of 
powder  for  proof  and  fervice  will  be  found  between 
the  fame  two  ftrait  lines,  like  radii ;  and  in  one  of 
the  other  rings,  according  as  it  is  tituled  at  the  end. 

Thus  to  a  brafs  9  pounder,  there  is  allowed  91b. 
of  powder  for  to  prove,  or  try  the  goodnefs  of  the 
gun  when  it  is  fir  ft  caft  ;  and  4  lb.  8  oz.  of  powder 
for  each  charge  in  common  fervice  :  But  an  iron  9 
pounder  has  9  lb.  for  proof,  and  6  lb.  for  fervice. 

When  cannon  are  proved  they  are  ufually  loaded 
with  two  fhot. 

On  fhip  board,  after  there  are  five  or  fix  rounds 
fired  on  warm  fervice,  the  allowance  of  powder  is  to 
be  proportionally  lefiened  each  time  the  gun  is  loaded, 
until  the  charge  is  reduced  to  one  third  of  the  weight 
of  the  fhot  :  And  the  guns  as  they  grow  warm  in 
firing,  are  not  to  be  wetted  left  the  gun  be  in  danger 
of  fplitting  by  checking  the  metal  with  cold  water. 

The  ingenious  Mr.  Robins ,  from  fome  hints  he 
gathered  from  a  manufcript  lent  him  by  the  Right 
Honourable  Lord  Anfon ,  advifes  to  leften  confiderably 
the  common  charges  allowed  to  cannon  in  fervice  : 
For  from  thofe  papers  it  appeared  that  in  fervice, 
where  24  pounders  have  been  ufed  to  batter  in  breach, 
the  charge  was  only  8  pounds  of  powder :  Indeed  the 
velocity  of  the  ball  could  not  be  quite  fo  great  with 
8  pounds  of  powder  as  with  12,  and  confequently  the 
fhot  would  not  be  drove  fo  far  into  the  rampart,  and 
the  breach  not  made  altogether  fo  foon  ;  notwith- 
ftanding  which,  the  advantages  attending  the  fmaller 
charges,  greatly  overbalanced  the  difference  of  a  few 
hours  in  making  a  fufficient  breach. 

In  fea  fervice  it  would  perhaps  be  found  of  greater 
ufe  to  begin  with  one  third  of  the  weight  of  fhot  in 

1  powder. 
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powder,  and  to  diminifh  that  to  one  fourth  or  one 
fifth  as  the  gun  waxed  warm  *,  for  by  fome  experi¬ 
ments  it  has  appeared,  that  fuch  fmall  charges  of 
powder  has  produced  greater  ravage  in  timber,  than 
has  been  found  with  the  ufual  charges  :  From  whence 
it  may  be  reafonably  concluded,  that  if  a  fhot  has 
juft  force  enough  to  go  through  one  fide  of  a  fhip, 
there  will  be  a  greater  quantity  of  fplinters  rent  out 
of  the  plank,  and  confequently  do  more  mifchief,  than 
if  the  fhot  went  with  a  velocity  fufficient  to  drive  it 
through  both  fides  of  the  fhip. 

ARTICLE  XI. 

Of  the  number  of  fhot  or  fh  ell s  in  a  finijhed  pile. 

Iron  fhot  and  fhells  are  ufually  piled  up  by  horizon¬ 
tal  courfes  into  a  pyramidal  form,  the  bafe  being  ei¬ 
ther  an  equilateral  triangle,  or  a  fquare  *,  or  a  redlan- 
gie  ;  in  the  triangle  and  fquare,  the  pile  finifhes  in  a 
fingle  ball  ;  but  in  the  rebtangle,  the  finifhing  is  a 
fingle  row  of  balls. 

In  the  triangular  and  fquare  piles,  the  number  of 
horizontal  rows,  or  the  number  counted  on  one  of 
the  angles  from  the  bottom  to  the  top,  is  always  equal 
to  the  number  counted  on  one  fide,  in  the  bottom  row. 

In  triangular  piles,  each  horizontal  courfe  is  a  tri¬ 
angular  number,  produced  by  taking  the  fucceffive 
fums of  the  numbers  1  and  2;  1,2  and  3  ;  1,  2,  3 

and  4  1,2,  3,  4  and  5,  &c.  Thus. 

Numbers  in  order  1.2. 3. 4. 5  .6  .  7.8  .9  .10.11,  &c. 
Triangular  numb  1  .3.6.10.15.  21  .  28 . 36 . 45 . 1:5 . 66,  &c. 

And  the  number  of  fhot  in  a  triangular  pile  is  the 
film  of  all  the  triangular  numbers  taken  as  far,  or  to 
as  many  terms,  as  the  number  in  one  fide  of  the  bot¬ 
tom  courfe. 

\  •/ 

A  rule  to  find  the  number  of  fijot  in  a  triangular  pile. 

Count  the  number  in  the  bottom  row,  and  multiply 

that 
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that  number  more  two  by  that  number  more  one  : 
Then  the  product  multiplied  by  one  fixth  of  the  faid 
number,  the  produdt  will  be  the  fum  of  all  the  fhot 
in  the  pile. 

Exam.  I.  How  many  /hot  are  in  a  finifoed  triangular 
pile)  in  one  fide  of  whofe  bottom  courfe  are  20  /hot  ? 

Now  the  number  more  two  is  22  ;  and  the  number 
more  one  is  2 1 . 

And  22x21  gives  462, 

Then  462X  V°  — 154°>  the  number  of  fhot  in  that 
pile. 

Exam.  II.  Required  the  number  of  foot  in  a  finijhed 
pile  \  there  being  in  one  fide  of  the  triangidar  bafe  40 
foot  ? 

Here  the  number  more  two  is  42;  and  the  number 
more  one  is  41. 

And  42x41  gives  1722. 

Then  1722X  V  —  1  148°  fhot  in  that  pile. 

In  fquare  piles,  each  horizontal  courfe  is  a  fquare 
number, produced  by  taking  the  fquare  of  the  number 
in  its  fide. 

Number  in  the  fide  1.2.3.  4*  5*  6.  7.  8.  9.  io,  &c. 
Squares,  or  horiz.  courfes  1  .4.9.  16.25.36.49.64.81. 100,  &c, 

And  the  number  of  fhot  in  a  fquare  pile  is  the  fum 
of  all  the  fquares,  taken  from  one,  as  far  as  the  num¬ 
ber  in  the  fides  of  the  bottom  courfe. 

A  rule  to  find  the  number  of  fhot  in  a  fquare  pile. 

Count  the  number  in  one  fide  of  the  bottom  courfe  ; 
to  that  humber  add  one,  and  to  its  double  add  one  ; 
multiply  the  two  fums  together  *,  then  their  produdt 
being  multiplied  by  one  fixth  of  the  faid  number,  the 
product  will  give  the  number  of  fnot  contained  in  that 
pile. 


Exam. 


APPENDIX.  1 59 

Exam.  III.  How  many  Jhot  are  in  a  fquare  finijhed 
pile,  one  fide  of  its  bafe  containing  20  Jhot  ? 

Here  the  number  is  20. 

The  number  more  one  is  21  •,  and  its  double, 
more  one  is  41. 

The  produdl  of  thefe  numbers  is  861  (= 21x41) 

Then  86ixV=287o,  che  number  of  fhot  in  that 
pile. 

I  .  <  J  ,  y  „  *.  i  k  t  ,  '  i  I  J  •  ^ 

Exam.  IV.  Required  the.  number  of  foot  in  a  fquare 
finijhed  pile,  one  fide  of  the  lower  courfe ,  or  tier,  having 
40  Jhot  in  it  ? 

Here  the  number  counted  is  40. 

That  number  more  one  is  41  j  its  double,  more 
one  is  8  1. 

And  81x41  =  3321  the  produdl. 

THEN3321X  V  —  2214°  the  number  in  that  pile. 

From  thefe  examples  it  may  be  obferved,  that 
where  room  is  wanted,  ’tis  moft  convenient  to  have 
the  fhot  flowed  in  triangular  piles :  For  on  the  equi¬ 
lateral  triangle,  which  is  lefs  than  half  the  area  of  a 
fquare  on  one  of  its  Tides,  there  can  be  piled  a  greater 
number  than  half  of  what  can  be  raifed  on  the  fquare  : 
Indeed  the  height  of  a  fquare  pile  is  fomewhat  lefs  than 
a  triangular  one,  as  a  fhot  will  fink  lower  in  the  fpace 
between  4  others,  than  in  the  fpace  between  3  others, 
all  the  fhot  being  of  equal  diameter  j  they  being  fo 
reckoned  in  every  pile. 

In  redlangular  piles,  each  horizontal  courfe  is  a  rec¬ 
tangle,  the  upper  one  being  one  row  of  balls  :  Now 
every  fuch  oblong  pile  may  be  confidered  as  confid¬ 
ing  of  two  parrs,  one  a  fquare  pyramid,  and  the  other 
a  triangular  prifm. 

To  find  the  number  of  Jhot  in  a  reft  angular  pile. 

1  ft.  Take  the  difference  between  the  number  in 
length  and  breadth  in  the  bottom  courfe. 

2d. 
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2d.  Multiply  the  number  in  breadth,  more  one, 
by  half  the  breadth  *,  the  product  multiplied  by  the 
faid  difference,  will  give  the  number  in  the  prifmatic 
pile. 

3d.  Upon  the  fquare  of  the  breadth,  find  (by  the 
lafl  rule)  the  number  in  a  pyramidal  pile. 

4th.  Then  the  fum  of  thefe  two  piles  will  fhew  the 
number  in  the  rectangular  pile. 

N.  B.  The  number  of  horizontal  courfes,  or  rows,  is 
equal  to  the  number  in  breadth  at  bottom  :  And 
the  number  lefs  one,  in  the  top  row,  is  the  diffe¬ 
rence  between  the  number  in  length  and  breadth  at 
bottom. 

Exam.  V.  How  many  Jhot  arc  in  a  finijhed  pile  of  20 
courfes^  the  number  in  the  top  row  being  40  ? 

Here  39  is  the  difference  between  the  length  and 
breadth. 

And  20  is  the  breadth. 

Now  20+1=21;  and  2x20+1 —41. 

Then  2iX4:  X  *-^=2870,  are  the  fhot  in  the  pyra¬ 
midal  pile. 

Again.  The  breadth  more  one  is  21  ;  and  10  is 
the  half  breadth. 

And  21x10=210. 

Then  2 10x39  =  8190,  are  the  fhot  in  the  prifma¬ 
tic  pile. 

Consequently  the  fum  of  2870  and  8190,  or 
1 1060  fhot  will  be  the  number  contained  in  that  rec¬ 
tangular  pile. 

If  any  of  thefe  piles  are  broken,  by  having  the  up¬ 
per  part  taken  off,  and  the  remaining  number  of  fhot 
are  required  ;  it  may  be  obtained  by  computing  what 
the  whole  finifhed  pile  would  contain  *,  and  alfo  what 
the  pile  wanting,  or  taken  away  contained  *,  for  then 
their  difference  will  fhew  the  number  remaining. 

The  foregoing  rules  are  thus  expreffed  on  the  Cal¬ 
lipers. 

Number  of  fhot  or  fhells  in  a  pile. 


Let 
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Let  n— N  in  an  angular  row  J 

m=N°  lefs  one  in  the  top  row  ^ 

Then  n+2X  n+ix  g-  =N°  in  a  A 

And  n-f  ix  2n+ix  ~  =N‘inan 

o 

ALS02n+i  +  3mxn+lX^-  =N°  in  aO 


of  a  Pile. 


In  Examples  I  &  III.  The  letter  n  ftands  for  20. 
And  Examples  II  &  IV.  The  letter  n  ftands  for  40. 

In  Example  V.  The  letter  n  ftands  for  20. 

And  the  letter  m  ftands  for  3^. 

Then  2n-f  1=2x20+1=  41, 

And  3m  =117.  . 

So  2n+i+3m  =*58. 

Also  n+i  ,  =  21., 


And 


Then  211+1+3111x114-  1x^=158x21X^=11060. 


ARTICLE  XII. 

Concerning  the  fall  of  heavy  bodies . 

When  heavy  bodies  are  fuffered  to  fall,  it  is  well 
known  they  fall  in  lines  perpendicular  to  the  furface 
of  the  earth. 

The  force  with  which  any  body  in  motion  ftrikes  an 
obftacle,  depends  on  the  weight  of  that  body,  and 
on  the  velocity  or  fwiftnefs  with  which  it  moves. 

Thus  a  man  by  throwing,  with  the  fame  ftrength, 
a  pound  of  iron  and  a  pound  of  cork,  will  hit  a  much 
harder  ftroke  with  the  iron  than  with  the  cork. 

Also  a  man  and  a  boy  each  throwing  a  pound  of 
iron  againft  the  fame  objedt,  the  ftroke  given  by  the 
man  will  be  ftrongCT  than  that  given  by  the  boy,  on 
account  of  the  man’s  weight  flying  the  fwiftcft. 
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The  fame  heavy  body  by  falling  from  different 
heights,  will  ftrike  blows  of  different  flrength,  that 
being  the  ftrongeft  where  the  height  is  greateft.  Con- 
fequently  heavy  bodies  by  falling  acquire  velocities 
greater  and  greater  according  to  the  length  of  their 

tan. 

The  three  following  propofitions  in  falling  bodies 
have  been  proved  many  ways. 

i  ft.  That  the  velocities  acquired  are  dire 5!ly  propor¬ 
tional  to  the  times . 

2d.  That  the  fpaces fallen  thrcugh  are  as  the  fquares  of 
the  times ,  or  as  the  fquares  of  the  velocities . 

3d.  That  a  body  moving  miiformly  with  the  velocity 
obtained  by  falling  through  any  height,  will  fall  twice 
as  far  in  the  fame  time  it  was  pajfmg  through  that 
height . 

Experiments  fhew  that  heavy  bodies  fall  about 
1 6  feet  in  one  fecond  of  time  :  Confequently  at  the  end 
of  the  firft  fecond  of  time,  a  falling  body  has  acquired 
a  velocity  that  would  carry  it  dov/n  32  feet  in  the  next 
fecond  of  time. 

Then  from  the  foregoing  three  propofitions  may  be 
derived  the  following  rules. 

ift .  That  the  lquare  root  of  the  feet  in  the  fpace 
fallen  through,  will  ever  be  equal  to  one  eighth  of  the 
velocity  acquired  at  the  end  of  the  fall. 

2 d.  That  the  fquare  root  of  the  feet  in  the  fpace 
fallen  through,  will  ever  be  equal  to  four  times  the 
number  of  feconds  of  time  the  body  has  been  falling. 

3 d.  And  that  four  times  the  number  of  feconds  of 
time  in  which  the  body  has  been  falling,  is  equal  to 
one  eighth  of  the  velocity  in  feet  per  fecond,  acquired 
at  the  end  of  the  fall. 

From  thefe  three  rules  moftofthe  queftions  relative 
to  the  fall  of  bodies  may  be  readily  folved. 


As 
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As  thefe  rules  cannot,  for  want  of  room,  be  put  in 
words  at  length  on  the  callipers,  they  are,  on  the  face 
a  of  one  of  the  legs,  expreffed  in  an  algebraic  manner. 
Thus, 

FALL  OF  BODIES. 

Let  s=fpace  run  in  feet. 

T=time  in  feconds. 
v=velocity  in  feet  per  fecond. 

Then  .*/s=4t=4v' 

Bodies  fall  16  feet  in  id  fee. 

Note.  The  character  v%  fignifies  the  fquare  root  of 
the  letter  joined  to  if. 

«  '1 

% 

SOME  USES. 

Exam.  I.  Flow  many  feet  will  a  bullet  fall  in  $fe~ 
(tends  of  time  ? 

Here  the  time  t=5  • 

Then  4T,  makes  4x5  —  20* 

Now  i/s—  f4T~)  20. 

And  s=  (20x20=)  400. 

Exam.  II.  From  what  height  muft  a  bullet  fall  to  ac¬ 
quire  a  velocity  of  1 60  feet  per  fecond  ? 

The  rule  is  i^s=4v. 

Here  v  is  160  feet. 

And  -J-v=  ( )  200. 

Then  s=  (20x200=)  400  feet. 

Exam.  III.  How  long  muft  a  bullet  be  in  falling  to 
acquire  a  velocity  of  160  feet  per  fecond . 

The  rule  is  4T=^v. 

Here  v=  160  feet. 

And  4-v=  (24®=)  20. 

So  4T=20. 

Then  t=  ( y =)  5  feconds  of  time. 

M  2 
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Exam.  IV.  How  many  feconds  will  it  require  for  a  hea¬ 
vy  body  to  fall  through  a  fpace  equal  to  3375  yards  ? 

The  rule  is 4T=Vs. 

Therefore  Tz=  ^Vs. 

Here  s—3375  yards,  or  10 125  feet. 

And  the  fquare  root  of  10125  is  100,6. 

Then  100,6  divided  by  4  gives  25,15. 

So  that  it  will  require  25" .  (y//;  of  time  for  the  bo¬ 
dy  to  fall  through  3375  yards. 

ARTICLE  XIII. 

Rules  for  the  raifing  of  water. 

Experiments  have  (hewn,  that  taking  horfes  and 
men  of  a  moderate  flrength,one  horfe  will  do  as  much 
work  in  raifing  of  water,  and  fuch  like  labour,  as 
five  men  can. 

I  r  has  been  alfo  found,  that  one  man  in  a  minute,  can 
raife  a  hogfhead  of  water  1 2  feet  high  upon  a  mean  : 
For  a  flout  man,  well  plied  with  flrong  liquor,  will 
raife  a  hogfhead  of  water  1 5  feet  high  in  a  minute  : 
Now  as  the  quantity  of  liquor  equal  to  a  hogfhead  was 
raifed  to  thefe  heights  only  by  way  of  experiment  for  a 
few  minutes,  fuch  numbers  ought  not  to  be  efleemed 
as  the  common  labour  of  a  man  who  is  to  work  4  or 
5  hours  on  a  Hi  etch  :  But  it  may  be  reckoned,  that 
of  common  labouring  men,  taken  one  with  ano¬ 
ther,  one  of  them  will  raife  a  hogfhead  of  wrater  to  8 
feet  in  height  in  one  minute,  and  work  at  that  rate  for 
fome  hours. 

It  is  quite  indifferent  in  what  manner  the  man  is 
fuppofed  to  apply  his  force  •,  whether  by  carrying  the 
water  in  manageable  parcels  up  a  flair- cafe,  or  raif¬ 
ing  it  by  means  of  fome  machine  :  For  the  advantages 
gained  by  ufing  of  engines  arifes  chiefly  from  the  eafe 
with  which  the  power  can  be  applied. 


On 


APPENDIX.  165 

On  the  face  a  of  the  callipers,  are  tne  rules,  thus 
denoted. 

To  raife  water. 

The  power  — p  men. 

Or  to  |p  horfes 

Can  raife  to  8p  feet  high  =r. 

The  quantity  h,  hhds.  in  t  min. 

Or  g,  gallons  in  60  t  feconds. 

Or,  hxf— pxSxt  minutes. 

N.  B.  Cubic  feet  x 6, 12 77  gives  gall. 

Here  hogfheads  are  reckoned  at  bo  gallons,  this 
eftimate  being  nice  enough,  for  any  computations  on 
water  engines. 

SOME  USES. 

Ex  amp.  I.  How  many  hogsheads  can  fix  horfes  raife , 
by  an  engine ,  to  2  5  feet  high  in  3  hours  ? 

Now  6  horfes,  at  5  men  to  a  horfe,  is  equal  to  30 
men. 

And  the  time  3  hours  is  equal  to  180  minutes. 

The  height  to  be  raifed  is  25  feet. 

The  general  rule  is  hxf=px8xt. 

Here  Fr=25*,  p=30  •,  t  =  i8q. 

And  h  is  required. 

px8xt 

Then  h—  - - 

F 

Or  h=  *  ^°—  ^1728  hogfheads. 

Hence  this  rule.  Multiply  eight  times  the  power 
by  the  time,  the  produd  divided  by  the  height,  gives 
the  hogfheads. 

Ex  amp.  II.  It  is  propc fed  to  throw  out  of  a  pond , 
by  an  engine ,  432  tuns  of  water  in  3  hours  by  fix  horfes  } 
to  what  h eighth  can  the  water  be  raifed  ?. 
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As  4  Hhds  make  one  tun  ;  fo  432  tuns  make 
1728  Hhds. 

And  3  hours,  or  180  minutes  is  the  time. 

Also  the  power  of  fix  horfes,  is  equal  to  that  of 
30  men. 

The  general  rule  is  hXf^pXSxt, 

Here  h^=i728  ;  prr30;  t=i8o. 

And  f  is  required. 


Then  f— 


pxSxt 

H 


Or  f=  ( ^X.'.SSL=\ 

\  *7^8  ) 

Hence  this  rule .  Multiply  eight  times  the  power 
by  the  time ;  the  product  divided  by  the  hogfheads, 
gives  the  height  in  leet. 

1  '  *  v  '  v  t  A  114. 

Ex  amp.  III.  How  long  will  it  require  fix  horfes  to 
raife  with  an  engine  1728  hogfheads  of  water  to  the  height 
of  25 feet  ? 


25  feet  high. 


Now  the  power  6  horfes,  is  equal  to  that  of  30 
men. 

The  hogfheads  to  be  raifed  are  1728. 

The  height  raifed  to  is  25  feet. 

The  general  rule  is  hxf=px8xt, 

HEREtJ— 1728  *,  Fz=z2^y  P=30, 

And  t  is  required. 


Then  t= 


HXF 

PX8 


( 1728x25  \  180  minutes,  or  3 

°R  T=\  30  hours. 

Hence  this  rule .  Multiply  the  hogfheads,  by  the 
height  in  feet  •,  the  produdt  divided  by  8  times,  the 
power  will  give  the  time  in  minutes. 
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Examp.  IV.  How  many  horfes  will  it  require  to  work 
an  engine ,  to  raife  1728  hogfheads  to  the  height  of  25 
feet ,  in  3 

Now  the  hogfheads  to  be  raifed  are  1728. 

The  height  to  be  raifed  is  25  feet. 

The  time  to  be  done  in  is  3  hours,  or  180  minutes. 
The  general  rule  is  hxf=px8xt. 

Here  H  —  17283  F  =  2g  3  t=i8o.. 

And  p  is  required. 

Then  p=  !1*f 
8xt 


Or 


728x25 

8x  180 


^30  men,  or  6  horfes. 


Hence  this  rule .  Multiply  the  number  of  ho^f- 
heads,  by  the  height  in  feet  3  the  product  divided  by 
8  times  the  number  of  minutes,  gives  the  number  o 
men. 


ARTICLE  XIV. 


Of  the  Jkooting  in  cannon  and  mortars. 

It  has  been  proved  by  many  writers,  that  the  flight 
©f  fhot,  or  the  track  they  defcribein  the  air,  is  a  curve 
line  called  a  parabola  :  But  then  they  fuppofe  that 
the  refiftance  made  by  the  air  is  fo  inconfiderable  as 
fcarcely  to  afifedt  the  motion  of  heavy  bodies. 

Upon  this  fuppofition  then,  which  is  very  far  from 
being  true  3  there  have  been  colledled  the  following 
obfervations  and  rules. 

I.  All  bodies  projedted  by  any  force;  are  urged  with 
two  motions,  viz.  one  in  the  diredtion  of  the  power 
exerted  by  the  engine,  and  the  other  in  a  perpendi¬ 
cular  diredlion  to  the  earth,  by  the  force  of  gra¬ 
vity  3  and  the  track  ©r  path  defcribed  by  the  body 
with  thefe  two  forces  is  a  curve  called  the  parabola. 

\  M  4  II. 
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II.  The  axis  of  the  curve  will  be  at  right  angles  to  the 

horizon  ;  and  the  part  in  which  the  body  de- 
fcends  will  be  alike  to  that  in  which  it  afcended. 

III.  If  the  point  to  which  the  body  arrives  in  its  de¬ 

ice  nt,  be  on  the  fame  level  with  the  point  from 
.  which  it  was  projected,  thofe  points  are  equally 
diflant  from  the  vertex,  or  higheft  point  of  the 
curve. 

IV.  If  a  body  be  projected  oblique  to  the  horizon,  it 

will  fall  there  again  in  the  fame  obliquity,  and 
with  the  fame  velocity  it  was  projected  withal. 

V.  The  horizontal  ranges  of  equal  bodies,  when  pro¬ 

jected  with  the  fame  velocity,  at  different  eleva¬ 
tions,  will  be  in  proportion  to  one  another ;  as 
the  right  fines  of  twice  the  angles  of  elevation. 

VI.  Among  equal  bodies,  proje&ed  with  equal  velo¬ 

cities,  the  heights  to  which  they  will  rife  in  the 
air,  are  in  the  fame  proportion  to  one  another  as 
the  verfed  fines  of  twice  the  angles  of  elevation. 

VII.  When  equal  bodies  are  projected  with  equal  ve¬ 

locities,  the  times  of  their  continuance  in  the  air 
will  be  in  proportion  to  one  another  as  the  right 
fines  of  the  angles  of  elevation. 

VIII.  In  the  fame  piece,  different  charges  of  equally 
good  gunpowder  will  produce  velocities,  nearly 
in  the  fame  proportion  as  the  fquare  roots  of  the 
weights  of  the  charges. 

IX.  If  equal  bodies  be  projected  at  the  fame  elevation, 

but  with  different  velocities,  the  horizontal  ranges 
will  be  in  proportion  to  one  another,  as  the  fquares 
of  the  velocities  given  to  the  fhot,  or  as  the 
weights  of  the  charges  of  powder  nearly. 

X.  The  greatefl  horizontal  range  is  double  to  the 

heightirom  which  the  body  fhould  fall  to  ac¬ 
quire  that  force  or  velocity  which  would  projedt 
it  to  that  horizontal  range. 

XI.  The  greatefl  horizontal  range,  or  diflance  to 

which  a  body  can  be  thrown,  will  be  obtained 

when 
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when  it  is  projedted  at  an  angle  of  45  degrees  of 
elevation. 

XII.  The  greate ft  height  to  which  a  projedted  body- 

can  rife,  at  an  elevation  of  45  degrees,  is  equal 
to  one  fourth  part  of  its  horizontal  range. 

XIII.  To  hit  an  objedt  that  lies  above  or  below  the 
horizon  of  the  piece,  the  belt  elevation,  is  equal 
to  the  complement  of  half  the  angular  diftance 
between  the  objedt  and  the  zenith. 

XIV.  At  elevations  equally  diftant  from  45  degrees, 
both  above  and  below  it,  the  horizontal  ranges 
will  be  equal. 

XV.  The  time  which  a  heavy  body,  projedted  at  aa 

elevadon  of  45  degrees,  will  continue  in  the  air, 
before  it  arrives  at  the  horizon,  will  be  equal  to 
the  time  that. body  would  take  to  defcend,  by  the 
force  of  gravity,  through  a  fpace  equal  to  the 
horizontal  range. 

It  has  been  found  that  a  24  pounder  at  an  elevation 
of  45  degrees,  and  charged  with  16  pound  of  powder, 
has  ranyed  its  (hot  upon  the  horizontal  plane  about 
6750  yards.. 

Therefore  3375  is  the  impetus,  or  perpendicular 
fpace  which  a  24.  pounder  muft  fall  through  to  acquire 
fuch  a  velocity,  as,  at  an  elevation  of  45  degrees, 
would  project  or  throw  that  fhot  on  the  horizon  to  the 
diftance  ol  675 o  yards. 

Now  a  heavy  body  falling  by  the  force  of  gravity 
through  a  fpace  equal  to  3375  yards  or  10125  feet, 
will,  at  the  end  of  the  fall,  acquire  a  velocity  of  804,8 
or  about  805  feet  per  fecond  (as  fhewn  at  Art.  XII  ) 
And  to  fall  through  a  fpace  of  805  feet,  it  would 
require  25//.  9//7  of  time. 

The  chief  of  the  above  principles  are  fhortly  ex- 
preffed  on  the  face  b  of  the  callipeis  in  the  following 
manner. 


rules. 
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RULES  FOR  SHOOTING. 


Hon  ranges,  as  right  7  r  r  .  }  ,  r 

tj  .  1  13  ’  *?  ,  >  lines  of  twice  r  angles  of 

Heights,  areas  verled  \  >  .  to  . 

0  .  .  •  ,  r  r  f  elevation. 

1  ime  in  air,  as  right  lines  or - ) 

He?ghtS-— 5  \  Hor.  ranSe»  at  45  deg.  °f  elevation. 

In  afcents  or  defcents,  for  the  bell  elevation. 

Take  the  complement  of  -  the  angular  diftance* 
from  objeft  to  zenith. 

To  apply  thefe  rules  to  the  practice  of  Ihooting,  it  is 
to  be  underftood  that  the  gunner  Ihould  make  an  ex¬ 
periment  with  every  gun  he  has  the  care  of  at  fome  ele¬ 
vation,  fuppofe  at  45  degrees,  and  with  the  ufual 
charge  of  powder,  and  then  knowing  how  far  the  piece 
has  ranged  the  Ihot  on  the  horizontal  plane  ;  he  may 
apply  the  refult  of  thofe  experiments  to  other  eleva¬ 
tions  and  quantities  of  powder. 


Examp.  I.  Suppofe  the  great  eft  horizontal  range  to  he 
6750  yards:  How  far  will  the fame  piece,  and  with  an 
equal  charge  of  powder,  range  a  Jhot  at  an  elevation  of 
25  degrees  ? 

With  equal  charges  the  horizontal  ranges  are  as  the 
right  fines  of  twice  the  angles  of  elevation. 

Then,  As  radius,  or  the  fine  of  twice  450 

Is  to  the  fine  of  50°,  or  the  fine  of  twice  2g\ 
So  is  the  greateft  horizontal  range  675 o  yds 
To  the  horizontal  range  required.  5170  yds. 

That  is.  The  extent  on  the  line  of  fines  from  90* 
to  500. 

Will  on  the  line  of  numbers  reach  from 
6750  to  5170. 


Examp.  II.  The  greateft  horizontal  range  of  a  24 
pounder  being  6750  yards :  To  what  height  will  that  Jhot 

rife  at  an  elevation  of  25  degrees? 


At 
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'  At  an  elevation  of  45%  the  fhot  will  rife  16874. 

;  yards, =4  of  6750. 

And  the  heights  are  as  the  verfed  fines  of  twice  the 
angles  of  elevation. 

Then,  As  the  verfed  fine  ofgodegres,  or  of  twice  4 50. 

Is  to  the  verfed  fine  of  50  degrees,  or  of  twice  250. 

So  is  the  height  of  an  elevation  of  45%  viz.  1687I. 
To  the  height  at  an  elevation  of  25^.  602,8  yards. 

The  logarithm  verfed  fines  on  the  callipers  are  the 
fupplements  of  the  real  verfed  fines  •,  therefore  in  the 
ufing  of  this  line  the  fupplements  of  the  double  angles 
are  to  be  ufed. 

Then  the  extent  from  the  verfed  fine  of  90°  to  the 
verfed  fine  of  130°  (the  fupplement  of  500)  will  on 
the  line  of  numbers  reach  from  16874  to  603. 

Or  thus.  Take  i2y2-i~~  of  5170,  the  horizontal 
range  on  an  elevation  of  250. 

Then.  The  extent  on  the  log,  tangents  from  ra¬ 
dius  to  250,  will  on  the  line  of  numbers  reach  from 
12924  to  about  603  yards. 

Examp.  III.  At  an  elevation  of  25  degrees,  how  ma¬ 
ny  feconds  will,  a  24  pounder  continue  in  the  air  before  it 
arrives  at  the  horizon  ? 

At  45°  elevation  the  fhot  takes  354  feconds  in  the 
air  *. 

And  the  times  in  air  are  as  the  right  fines  of  the  ele¬ 
vations. 

Then  As  the  fine  of  the  elevation  45  degrees 
Js  to  the  fine  of  the  elevation  25  degrees 
So  is  the  time  in  air  at  .45°,  viz.  354  feconds 
To  the  time  in  air  at  250,  viz.  21.  feconds. 

On  the  line  of  log.  fines  take  the  extent  from  4^ 
degrees  to  25  degrees;  then  will  this  extent,  applied 
to  the  fcale  of  log.  numbers,  reach  from  354  to  21 
feconds. 

*  This  time  of  35J  feconds  "is  derived  from  Rule  XV. 
Then  working  by  the  rules  belonging  to  article  XII.  it  will 
be  found  that  a  heavy  body  will  require  35  [  feconds  to  fall 
through  the  fpace  of  6750  yards.  And 
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And  hence  may  be  eftimated  the  lengths  of  fufes 
proper  for  Ihelis  to  be  fired  at  given  elevations  and 
ranges. 

Examp.  IV.  Required  the  elevation  necejfary  to  ftrikc 
an  objebl  on  the  horizon  at  §  170  yards  dijiance ,  the  great - 
eft  random  of  that  piece  being  67^0  yards  ? 

Say.  As  the  greatefl  random,  6750  yards 
To  a  propofed  random,  5 1 70  yards, 

So  is  radius,  or  twice  the  fine  of  45  degrees. 
To  double  the  elevation  required,  viz.  50  deg. 

The  half  of  which,  or  25  degrees,  is  the  elevation 
necefiary  to  be  given  to  the  piece. 

This  elevation  is  called  the  lower  one. 

And  the  upper  elevation,  is  at  65  degrees. 

For  25  degrees  and  65  degrees  are  equally  diftant 
from  45  degrees. 

Examp.  V.  At  an  elevation  0/4.5  degrees ,  1 6 fb.  of 
powder  will  throw  a  24  pounder  67 50 yards:  How  much 
poivder  will  throw  the  fame  Jhot  51  qo  yards  at  the  fame 
elevation  ? 

By  rule  IX.  The  charges  of  powder  are  nearly  as 
the  horizontal  ranges. 

Then  As  the  horizontal  range  6750 
To  the  horizontal  range  5170, 

So  is  the  given  charge  16  ife. 

To  the  required  charge  12,2 6  ft. 

This  proportion  may  be  accurately  enough  worked 
by  the  line  of  numbers. 

For  the  extent  from  675 o  to  5170,  will  reach  from 
16  to  12~. 

Examp.  VI.  At  an  elevation  of  25  degrees ,  a  24 
pounder  was  ranged  on  the  horizon  5170  yards  :  Re - 
quired  the  impetus  that  would  have  given  an  equal  velo¬ 
city  to  that  Jhot  ? 

With  an  equal  charge  of  powder  ufed  at  45  degrees 

.  ’  ©f 
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of  elevation,  as  was  ufed  at  25  degrees,  the  ihot  would 
have  the  greatefi  horizontal  range. 

And  with  equal  charges  in  the  fame  piece,  the  im¬ 
petus  is  the  fame  at  any  elevation. 

Consequently,  to  folve  this  queftion  nothing 
more  is  required  than  to  find  the  greatefi  horizontal 
range,  which  is  double  to  the  impetus. 

Then  from  rule  V,  by  inverfion 

As  the  fine  of  50  deg.  twice  the  given  elevation. 

Is  to  radius,  or  the  fine  of  twice  450, 

So  is  the  given  horizontal  range  5 1 70 
To  the  greatefi  horizontal  range  6750, 

The  half,  or  3375  is  the  impetus  required. 

That  is,' the  extent  on  the  line  of  fines  from  50°  to  90* 
Will  on  theiineof  numb  reach  from  51 70  to  6750. 

Ex  amp.  VII.  Suppo fe  the  horizontal  range  of  a  piece 
to  be  6750 yards  :  Required  the  angle  of  elevation  proper 
to  ftrike  an  objeff'i  i°  above  the  level  of  the  piece,  the  ho¬ 
rizontal  diftance  of  that  cbjedl  being  4680 yards  ? 

Say,  As  the  greatefi  horizontal  range  6750 
Is  to  the  given  horizontal  diftance  4680 
So  is  the  cofine  of  the  object’s  elevation  78°  00'. 

To  another  fine  -  —  —  —  42°  42C 

Thus,  the  extent  on  the  line  of  numbers  from  6750 
to  4680 

Will  on  the  line  of  log.  fines  reach  from  7S0  to  a- 
bout  42a.. 

Now  on  the  natural  fines,  take  the  extent  of42^  deg. 
Then  this  extent  applied  from  the  natural  fine  of 
the  elevation  1 1° 

Will  give  the  natural  fine  of  about  \  degrees, 
whofe  cofine  is  about  27°^. 

Or  rather  270.  37' .  its  half  is  130.  4.%'. 

Th  e  fum  of  90°  and  the  given  elevation  1 2°  is  102  > 
the  half  is  510. 

Then  the  fum  of  thefe  halves  (51°+ 13°-48/=)  64.® 
487,  is  the  greater  elevation. 

And 
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And  the  difference  of  thefe  halves  (510 — 13*.  48=) 
370.  i2/.  is  the  leffer  elevation. 

So  that  the  piece  pointed  at  either  of  thefe  elevations, 
with  the  charge  of  powder  that  gave  the  horizontal 
range,  the  objed  will  be  (truck. 

But  in  all  (hooting  on  afcents  or  defcents,  it  is  bed 
to  take  the  angle  between  the  object  and  zenith,  and 
get  the  complement  of  the  half  of  that  angle  ;  then 
the  piece  being  elevated  to  that  complement,  find  by 
trials  what  charge  will  reach  the  objed  ;  For  on  this 
elevation,  a  lefs  charge  of  powder  will  do  the  bufinefs 
than  on  any  other  elevation. 

So  in  the  foregoing  example  the  diftance  of  the  ob¬ 
ject  from  the  zenith  is  78% 

The  half  of  78  is  39,  and  the  complement  of  39  is 
§  i°,  for  the  beft  elevation. 

ARTICLE  XV. 

Of  the  line  of  inches. 

This  line,  the  ufe  of  which  is  well  known,  is  placed 
on  the  edge  of  the  callipers,  or  on  the  (trait  borders  of 
the  faces  c,  d. 

ARTICLE  XVI. 

Of  the  logarithmic  f coles  of  numbers ,  fines  ^  verfed  fines 

and  tangents . 

These  fcales  are  placed  along  the  faces  c,  d  of  the 
callipers,  near  the  (trait  edges,  and  are  marked  and 
numbered  as  is  (hewn  in  fedion  X  ;  fome  of  the  ufes 
of  thefe  fcales  are  alfo  (hewn  in  the  XV  and  following 
fedions. 
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ARTICLE  XVII. 

Of  the  line  of  lines. 

The  line  of  lines  is  placed  on  the  callipers  on  the 
faces  c,  d,  in  an  angular  pofition,  tending  towards 
the  centre  of  the  inftrument  ;  its  conftrudfion  and  ufes 
are  the  fame  as  defcribed  in  treating  of  the  fedtor  ;  the 
reader  will  find  fufficient  inftrudtions  in  the  fedlions 
Xi  and  XII. 


ARTICLE  XVIII. 

Of  the  lines  of  plans  or  fuperficies . 

These  lines  lie  on  the  faces  c,D,of  the  callipers,  and 
like  the  line  of  lines  tend  towards  the  centre  of  the  in¬ 
ftrument  :  They  are  marked  near  the  ends  of  the  cal¬ 
lipers  with  the  word  Plan,  and  have  the  figures  io,  9, 
8,  7,  6,  5,  4,  3,  2,  1,  1,  running  towards  the  centre: 
Each  of  thefe  primary  divifions  is  fubdivided  into  ten 
parts  *,  and  each  of  the  fubdivifions  is  alfo  divided 
into  two,  or  more  parts,  according  to  the  length  of 
the  callipers. 

These  divifions  reckoned  from  the  centre  along  ei¬ 
ther  leg,  areas  thefquare  roots  of  all  the  whole  num¬ 
bers  under  100  ;  and  alfo,  of  the  half  numbers  :  That 
is,  the  diftance  from  the  centre  to  thefirft  1,  is  as  the 
fquare  root  of  1  :  From  the  centre  to  the  next  divifion 
is  as  the  fquare  root  of  i4r :  To  the  next  as  2,  the  next 
as  24,  the  next  as  3,  &c. 

And  the  diftance  from  the  centre  to  the  fecond  1,  is 
as  the  fquare  root  of  10  ;  from  the  centre  to  the  next 
divifion  is  as  the  fquare  root  of  io|;  to  the  next  as 
ii;  to  the  next  as  11-4,  &c.  So  that  the  diftances 
from  the  centre  to  2,  to  3,  to  4,  and  fo  on  to  10,  are  as 
thefquare  roots  of  20,  30,  40,  and  fo  on  to  100  *,  and 
the  intermediate  divifions  and  fubdivifions  are  efti- 
mated  as  before  fhewn  between  1  and.  10. 
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This  line  is  eafily  conftru&ed  from  a  table  of  the 
fquare  roots  of  all  the  units  and  half  units  under  100  ; 
together  with  a  fcale  of  the  intended  length  of  the  line 
of  plans,  divided  into  500  or  1000  equal  parts;  and 
fuch  a  fcale  is  the  line  of  lines. 

In  the  foliowng  folutions,  the  lengths  of  lines  are 
fuppofed  to  be  taken  between  the  points  of  a  pair  of 
compafifes  :  And  when  the  callipers  are  faid  to  be  open¬ 
ed  to  any  line;  it  means,  to  the  distance  of  the  poiats 
of  the  compafs  between  which  that  line  was  taken  ; 
the  points  being  applied  tranfverfely  to  the  legs  of  the 
callipers,  as  (hewn  lor  the  fe&or  at  fedlion  XII. 

SOME  USES  OF  THE  SCALES  OF  PLANS. 

Examp.  I.  To  find  the  fquare  root  of  a  given  number . 

ift.  On  the  line  of  plans  feek  the  divifion  reprefent- 
ing  the  given  number  :  Obferving,  that  numbers  of 
an  odd  number  of  places  are  belt  found  between  the 
divifions  1  and  1  ;  and  thofe  of  an  even  number  of 
places,  between  the  2d  1  and  the  10  at  the  end. 

2 d.  Take,  with  the  compares,  the  diftance  between 
that  divifion  and  the  centre  of  the  callipers  ;  and  this 
extent  being  applied,  from  the  centre  laterally  along 
the  line  of  lines ,  will  give  the  fquare  root  of  the  num¬ 


ber  propofed. 

Thus  the  fquare  root  of  9  is  3 

of  900  is  30 

of  90000  is  300 

&c.  &c. 

The  given  numbersbeing  reckoned  between  tl 
divifions  marked  1  and  1. 

Again  the  fquare  root  of  36  is  6 

of  360  is  18,9 

of  3600  is  60 

of  36000  is  189,7. 


If  the  integer  places  in  the  given  number  are  even, 
the  root  will  confift  of  half  as  many  places :  But  if  the 

number 
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number  of  integers  be  odd,  increafe  it  by  one,  and- 
the  integer  places  in  the  root  will  be  half  that  num¬ 
ber  of  places. 

Thus  numbersof  two,  four,  fix,  eight  integer  places, 
will  have  roots  confifting  of  one,  two,  three,  four,  &c» 
places  :  And  numbers  confifting  of  one,  three,  five, 
&c.  places,  have  roots  of  one,  two,  three,  &c.  places. 

Ex  amp.  II.  Between  two  given  numbers  (  fuppofe  4 
and  9)  to  find  a  mean  proportional . 

1 ft.  Take  the  greater  of  the  given  numbers  (9)  la¬ 
terally  from  the  line  of  lines,  and  make  this  extent  a 
tranfverfe  diftance  to  (  9  and  9)  the  fame  number  on 
the  lines  of  plans. 

id.  Take  the  tranfverfe  diftance  between  (4  and4) 
the  lefter  given  number  on  the  lines  of  plans,  and  this 
extent  applied  laterally  on  the  line  of  lines,  wiil  give 
(6  for)  the  mean  proportional  fought. 

For  4  :  6  : :  6  :  9. 

By  this  example  it  is  eafy  to  fee  how  to  find  the 
fide  of  a  fquare  equal  to  a  fuperficies  whofe  length  and 
breadth  are  given. 

Ex  amp.  III.  Two  fimilar ,  or  like ,  fuperficies  being 
given  ;  to  find  what  proportion  they  have  to  one  another . 

i/2.Take  one  fide  of  the  greater  fuperficies  between 
the  points  of  the  compaftes,  and  make  this  extent  a 
tranfverfe  diftance  on  the  line  of  plans  between  10 
and  10  i  or  100  and  ico  :  or  on  any  other  number. 

id .  Apply  a  like  fide  of  the  lefs  fuperficies  tranf- 
verfely  to  the  line  of  plans,  and  the  divifions  it  falls 
on  will  fhevv  the  number,  that  to  the  former  number 
(taken  tranfverfely  for  the  fide  of  the  greater  fuper¬ 
ficies)  bears  the  lame  proportion  of  the  lefter  fuperfi* 
cies  to  the  greater. 

This  propofition  may  be  wrought  laterally  on  either 
of  the  legs,  reckoning  from  the  centre  :  For  like  fides 
of  fimilar  plans  being  laid  from  the  centre  on  either 

N  leg, 
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leg,  will  give  numbers  Ihewing  the  proportion  of 
thole  plans. 

Ex  amp.  IV.  To  find  the  fides ,  or  other  lines ,  of  a  fu- 
perficies  a,  which  fhall  he  fimilar  to  a  given  fuperficies  b, 
and  in  a  given  proportion  to  b,  fuppofe  as  3  to  7  ? 

1 ft.  Tothefcales  of  plans,  apply  tranfverfely,  any 
given  line  of  b  to  the  confequent  of  the  given  ratio,  as 
from  7  to  7. 

id.  Take  the  tranfverfe  di (lance,  on  the  plans,  of 
the  given  antecedent,  as  from  3  to  3,  and  this  extent 
will  be  a  like  line  of  the  figure  a. 

3 d.  As  many  lines  being  thus  found  as  is  necefifary* 
the  figure  a  may  be  conftru&ed. 

Ex  amp.  V.  To  find  the  fides ,  or  other  lines ,  of  a  fu¬ 
perficies  d,  which  fhall  he  like  to  either  of  two  given 
plane  figures  a  and  b  ;  and  alfo  he  equal  to  the  fum  or  dif¬ 
ference  of  a  and  b. 

1 ft.  Find  (by  Ex.  3.)  two  numbers  exprefiing  the 
proportion  of  the  given  figures  a  and  b  j  and  take  the 
fum  and  difference  of  thofe  numbers. 

Suppose  the  proportion  of  a  to  b,  to  be  as  3  to  7. 

Their  fum  is  10,  and  their  difference  is  4. 

Then  if  d  is  to  belike  a. 

For  the  fum,  it  will  be  3  :  10  :  :  a  :  d. 

For  the  diff.  it  will  be  3  :  4  :  :  a  :  d. 

But  if  d  is  to  be  like  b. 

Then,  lor  the  fum,  it  will  be  7  :  10  :  :  b  :  D. 

And  for  the  diff.  it  will  be  7  :  4  :  :  b  :  d. 

id.  Find  (by  Ex.  4.)  the  fides  of  a  fuperficies  d, 
fimilar  to  a,  fo  that  a  may  be  to  d  as  3  to  10  for  the 
fum,  or  as  3  to  four  for  the  difference  ;  or  if  like  to  b, 
fo  that  b  may  be  to  d  as  7  to  10  for  the  fum,  or  as  7 
to  4  for  the  difference. 

And  thus,  a  fufficient  number  of  lines  being  found 
the  figure  d  may  be  conftru&ed. 
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Examp.VI.  "Three  numbers  being  given  to  find  a  fourth 
in  a  duplicate  proportion  :  Or,  the  like  fides  a,  b,  of  tvjo 
fimilar  figures  a,  b,  being  known ,  and alfo  the  area  a,  of 
one ,  to  find  the  area  b,  of  the  other . 

On  the  fcale  of  plans,  take  the  given  fuperficies  a 
laterally  ;  and  on  the  fcale  of  lines,  apply  this  diftance 
tranfverfely  to  the  given  fide  a  of  that  fuperficies  :  Take 
the  tranfverfe  diftance  of  the  given  fide  b  of  the  other 
fuperficies,  from  the  fcale  of  lines  •,  then  this  diftance 
applied  laterally  on  the  fcale  of  plans,  will  (hew  the 
area  of  b. 

Thus.  If  40  poles  be  the  fide  of  a  fquare  whofe  area 
is  10  acres  \  what  is  the  area  of  that  fquare  whofe  fide  is 
60  poles  ? 

Take  the  lateral  diftance  10  on  the  fcale  of  plans ; 
apply  this  diftance  tranfverfely  to  40  and  40  on  the 
line  of  lines  :  Then  the  tranfverfe  diftance  of  60  and 
60  on  the  lines,  applied  laterally  to  the  fcale  of  plans, 
will  give  22-  acres  the  area  required. 

Again.  How  many  acres  of  woodland  meafure ,  of 
1 8  feet  to  the  pole ,  is  in  that  field  which  contains  288 
acres ,  at  1 6~feet  to  the  pole  ? 

Apply  the  lateral  diftance  of  288,  taken  from  the 
fcale  of  plans,  to  the  line  of  lines,  tranfverfely  from  18 
to  1 8  ;  then  the  tranfverfe  diftance  of  1 6^  and  1 64  on 
the  lines,  will,  on  the  fcale  of  plans,  give  242  the  area 
in  woodland  acres. 

Examp.  VI L  To  open  the  callipers,  fo  that  the  lines  of 
plans  make  with  one  another  a  right  angle  ? 

On  the  line  of  plans  take  the  lateral  extent  of  any 
number  thereon. 

Then  fet  the  callipers  fo,  that  this  extent  fhall  be  a 
tranfverfe  diftance  to  the  halves  of  the  former  number, 

N  2  '  -  and 
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and  the  lines  of  plans  will  then  Hand  at  right  angles  to 
°ne  another. 

Th  us  :  The  lateral  extent  of  60  on  the  plans,  put 
tranfverfely  to  30  and  30  on  the  plans,  will  fet  thofe 
lines  at  right  angles  to  one  another. 

ARTICLE  XIX. 

Of  the  line  of  folids . 

These  lines  are  laid  on  the  faces  of  d,  c,  of  calli¬ 
pers,  like  fedoral  lines  tending  to  the  centre,  and  are 
diftinguilhed  by  the  letters  sol  placed  at  their  ends. 

There  are  twelve  primary  divifions  on  thefe  lines 
marked  1,1, 1,2,3, 4,5,6,758,9, 10  j  each  of  the  eleven 
fpaces  or  intervals  is  divided  into  ten  other  parts  ;  and 
each  of  thefe  parts  is  divided  into  two  or  more  parts, 
according  to  the  length  of  the  inftrument. 

These  divifions  are  beft  taken  from  a  fcale  of  equal 
parts,  fuch  as  the  line  of  lines,  and  thence  transferred 
to  the  fcales  of  folids,  reckoning  from  the  centre  ; 
from  whence  the  feveral  diftances  of  the  divifions  are, 
as  the  cube  roots  of  fuch  numbers  under  100  as  are  in¬ 
tended  to  be  introduced. 

Thus,  the  diftance  of  the  firfb  1  from  the  centre 
is  as  the  cube  root  of  TV,  and  the  greater  divifions 
following  to  the  fecond  1,  exprefs  the  cube  roots  of 
t-o?  -A)  &c.  t0  the  number  1,  which  the  fecond  1 
ftands  for  *,  and  if  thefe  fpaces  are  fubdivided,  their 
diftances  from  the  centre  are  as  the  cube  roots  of 

1  5  3  S  4-5  Rrp 

rro~o9  Tool 

The  diftance  from  the  centre  to  the  fecond  1  is  as 
the  cube  root  of  1,  and  the  greater  divifions  between  the 
fecond  1  and  the  third  1 ,  are  as  the  cube  roots  of  the 
whole  numbers  2,  3,  4,  5,  6,  7,  8,  9  ;  the  interme¬ 
diate  final ler  divifions  are  as  the  cube  roots  of  the 
mixed  numbers  to  which  they  belong  :  Thus  if  the 
fpace  between  the  divifions  reprefenting  the  roots  of  1 
and  2  is  parted  into  4  *,  then  thofe  fubdivifions  will  be 

as 
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as  the  cube  roots  of  i  -ArV*  i  i  tVo  ;  and  the 
like' for  other  fubdivifions. 

The  diftance  between  the  centre  and  the  third  i  is 
as  the  cube  root  of  io  ;  and  fo  the  following  divifions 
marked  with  2,  3, 4,  &c,  to  10,  are  as  the  cube  roots 
of  20,  30,  40,  &c.  to  100 :  each  of  thefe  fpaces  are 
divided  into  10  parts,  which  are  as  the  cube  roots  of 
the  intermediate  whole  numbers  ;  and  if  thefe  fubdi¬ 
vifions  are  again  divided,  thefe  latter  divifions  will  be 
as  the  cube  roots  of  the  mixed  numbers  to  which  they 
belong. 

On  the  French  inftruments,  the  divifions  of  this 
line  is  ufually  extended  to  64  ;  and  confeqnently  only 
the  cube  roots  of  all  the  integer  numbers  under  64  are 
thereon  expreffed  :  Now  whether  the  divifions  proceed 
only  to  64  or  to  100,  the  belt  way  of  laying  them 
down  is  from  a  table  of  cube  roots  ready  computed, 
reckoning  the  length  of  the  greateft  root,  or  the  length 
of  the  fcale  of  folids,  to  be  equal  to  the  length  of  the 
line  of  lines,  taken  from  the  centre. 

The  cube  roots  of  -rV*  -nr>  An  -A*  An  A*  An 
roj  tA*  are,  0,464*  0,585* 

0,843.  o>888.  0,928.  0,965. 

The  following  table  contains  the  cube  roots  of  all 
the  whole  numbers  from  1  to  100. 


0,669.  0737.  0,794. 


1 


N  3 


Table 
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Table  of  cube  numbers  and  their  roots. 


jCubes 

■loots  i( 

Jubes 

<oots 

Cubes 

loots 

Cubes  i 

loots 

Jubes 

loots  1 

I  1 

1 ,000) 

21 

2>759 

41 

3.448 

6l 

3.936 

8l 

4,327s 

1  2 

1,26c! 

22 

2,802 

42 

3.476 

62 

3,95s 

82 

4,3441 

S  3 

I>442 

23 

2,844 

43 

3’5°3 

63 

3,979 

83 

7,362| 

4 

i,587! 

24 

2,884 

44 

;.53° 

64 

4,OGO 

84 

4-.  3791 

1  5 

i,7ic 

25 

2,924 

45 

3.557 

65 

4,021 

85 

397I 

1  ^ 

1,817 

26 

2,962 

46 

3. 583 

66 

4,041 

86 

4,4  Hi 

1  7 

*>9l3 

27 

3,00c 

47 

,,609 

67 

4,061 

87 

4,43  y 

1  8 

2,000 

28 

3,°36 

48  _ 

3.634 

68 

4,082 

88 

4,448] 

1  9 

2,080] 

29 

3.072 

49 

3,659 

~69 

4,102 

89 

4,465] 

1  10 

2,i54 

30 

3,107 

5° 

3.684 

7° 

4,121 

90 

4,4818 

1  11 

2,224 

3i 

3, Hi 

51 

3,708 

71 

4,141 

91 

4,498] 

I  12 

2,285* 

32 

3.175 

52 

3,7  32 

72 

4,160 

92 

4,5  HI 

1  13 

2,35 1 

33 

3,207 

53 

3>756 

73 

4479 

93 

4,53i| 

1  14 

2,410 

34 

3,240 

54 

3,780 

74 

4^98 

94 

4,5471 

1  13 

2,466 

35 

3,271 

55 

3.8o3 

75 

4>2I7 

95 

4,563! 

1  1 

2,520 

36 

3,302 

5° 

3,826 

7  6 

4,236 

96 

4, <791 

1  l7 

M71 

37 

3’332 

57 

3,848 

77 

4,254 

97 

4,5951 

1  18 

2,621 

38 

hi62 

58 

3,87i 

78 

4,27: 

98 

4,610] 

1  19 

2,668 

39 

3.39' 

59 

3,893 

79 

b29l 

99 

4,6261 

I  20 

2,714 

.1  40 

I3.42C 

60 

3»9i5 

80 

4,3°c 

100 

4,642! 

The  numbers  in  the  foregoing  table  may  be  laid  on 
the  line  of  folids  in  the  following  manner. 

Make  the  length  of  the  line  of  folids  equal  to  the 
length  of  the  line  of  lines,  apply  this  extent  tranf- 
verfely  to  4,642  on  the  line  of  lines  ;  then  the  other 
numbers  in  the  table  taken  tranfverfely  from  the  line 
of  lines,  are  to  be  laid  laterally,  from  the  centre,  on 
the  line  of  folids. 

Some  ufes  of  the  lines  of  folids. 

Ex  amp.  I.  'To  find  the  cube  root  of  a  given  number . 

Seek  the  given  number  on  the  line  of  folids,  and 
take  its  extent  from  the  centre. 

Then  this  extent  applied  laterally  to  the  line  of  lines 
will  give  the  cube  root  fought.  -  It 
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r  It  fhould  be  remarked,  that  a  given  number  of 
of  1 ,  2  or  3  places,  has  a  root  of  one  place, 

of  4,  5  or  6  places,  has  a  root  of  two  places, 

of  7,  8  or  9  places,  has  a  root  of  three  places. 

And  when  a  given  number  is  fought  for  on  the  line 

of  folids,  .  r 

The  primary  divifions  from  1  to  10  may  be  reckon¬ 
ed  either  as  fo  many  hundreds,  or  as  fo  many  hun¬ 
dred  thoufands,  or  as  fo  many  hundred  millions. 

Thus  the  divifion  marked  5  may  either  reprefent 
500,  or  500000,  or  500000000. 

And  the  like  of  the  other  primary  divifions  and  their 
intermediates. 

And  hence  the  divifions  between  the  centre  and  the 
firft  of  the  primary  ones,  are  to  be  eftimated  for  num¬ 
bers  of  one,  two,  four,  five,  feven  and  eight  places. 

Ex  amp.  II.  To  a  number  given ,  to  find  another  in  a 
triplicate  ratio  of  two  given  numbers . 

Thus.  Suppofe  afhot  of  4  inches  diameter  to  weigh 
9^  *,  required  the  weight  of  that  fhot  which  is  8  inches 
in  diameter  ? 

Here  a  number  is  to  be  found,  that  to  9  fhall  be 
in  the  triplicate  ratio  of  4  to  8. 

That  is,  as  the  cube  of  4  is  to  the  cube  of  8,  fo  is 
9  to  the  number  fought. 

Now  from  any  fcale  of  equal  parts,  fuppofe  inches, 
take  4  *,  and  make  it  a  tranfverfe  diftance  to  9  and  9 
on  the  line  of  folids  (reckoning  the  10  at  the  end,  as 
100)  :  Then  will  the  extent  of  8  inches,  applied 
tranfverfely  to  the  line  of  folids,  give  72  for  the  num¬ 
ber  fought,  which  is  the  pounds  weight  of  a  fhot  of  8 
inches  diameter. 


Again. 
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Again.  Suppofe  a  Jhip  of  2000  tons  burthen  is  144 
feet  6  inches  on  the  keel ,  and  51  feet  by  the  beam:  Re¬ 
quired  the  length  and  breadth  of  another  fimilar  Jhip  that 
Jhall  be  of  1415  tons  burthen  ? 

From  any  fcale  of  equal  parts  take  1444  and 
make  this  extent  a  tranfverle  diftance  to  2000  on  the 
line  of  folids  ;  then  will  the  tranfverfe  diftance  of 
1415  taken  on  the  line  of  folids  give  the  length  of  the 
keel,  which  applied  to  the  faid  fcale  of  equal  parts 
will  give  about  128%  feet. 

Also  the  extent  in  equal  parts  of  51  being  made  a 
tranfverfe  diftance  to  2000  on  the  lines  of  folids  ♦,  then 
the  tranfverfe  diftance  on  the  folids  of  1415  will  give 
in  equal  parts  4 64  feet  for  the  breadth  by  the  beam. 

Ex  amp.  III.  Between  two  given  numbers  or  lines  to 
find  two  mean  proportionals . 

ifi .  From  any  fcale  of  equal  parts  take  the  meafure 
of  the  greateft  of  the  given  lines  or  numbers,  and  ap¬ 
ply  this  extent  tranfverfely  to  that  number  on  the  line 
of  folids  ;  then  the  tranfverfe  extent  on  the  folids,  of 
the  leaft  of  the  given  numbers,  being  taken,  will  be 
the  greater  of  the  required  means,  whofe  meafure  will 
be  found  on  the  faid  fcale  of  equal  parts. 

2 d.  Make  the  extent  of  the  greater  mean,  a  tranf¬ 
verfe  diftance  to  the  greater  of  the  given  numbers, 
on  the  line  of  folids;  then  the  tranfverfe  diftance  of  the 
Icfter  of  the  given  numbers,  taken  from  the  line  of 
folids,  will  give  the  Idler  of  the  required  means. 

Suppofe  two  mean  proportionals  were  required  between 
9  ana  4 1  "2** 

The  lateral  extent  of  41^  taken  from  the  line  of 
lines,  apply  tranfverfely  to  414  and  414  on  the  line  of 
folids ;  then  the  tranfverfe  extent  of  9  and  9  taken  on 
the  folids,  and  applied  laterally  to  the  line  of  lines  will 
give  25  for  the  greater -of  the  two  means. 


Apply 
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Apply  the  faid  extent  of  25  tranfverfely  to  41-J  and 
41-J-  on  the  line  of  lolids ;  then  the  tranfverfe  extent  on 
the  folids  from  9  to  9  applied  laterally  to  the  line  of 
lines,  will  give  15  for  the  lelfer  mean. 

For  9,  15,  25  and  41-J.  are  in  continual  propor¬ 
tion. 

Ex  amp.  IV.  To  find  the  fide  of  a  cube  equal  to  a 
parallelopipedon  whofe  lengthy  breadth  and  depth  are 
given . 

1 ft.  Between  the  breadth  and  depth  find  a  mean 
proportional  by  Ex.  2.  Art.  18. 

2 d.  Find  the  meafure  of  the  mean  proportional 
on  the  line  of  lines,  and  apply  it  to  the  lines  of  folids 
tranfverfely,  at  the  numbers  exprefling  that  meafure  : 
Then  the  tranfverfe  extent  of  the  length  being  taken 
from  the  line  of  folids  4nd  applied  laterally  to  the 
line  of  lines,  will  give  the  fide  of  a  cube  equal  to  that 
parallelopipedon. 

Thus,  Suppofe  a  parallelopipedon^  whofe  length  is  72, 
breadth  6 4,  and  depth  24. 

The  number  64  taken  laterally  from  the  line  of 
lines  and  applied  tranfverfely  to  64  and  64  on  the 
line  of  plans  ;  then  the  tranfverfe  diflance  of  24  and 
24  on  the  plans  meafured  laterally  on  the  line  of  lines 
gives  about  39,2  for  the  mean  proportional. 

Apply  the  extent  of  the  mean  proportional,  to  39,2 
tranfverfely  on  the  line  of  folids ;  then  the  tranfverfe 
extent  of  72  and  72  on  the  folids,  being  applied  to  the 
line  of  lines  laterally,  will  give  48  for  the  fide  of  the 
cube  equal  in  lolidity  to  the  given  parallelopipedon. 

For  48x48x48  —  24x64x72  =  1 10592. 

Ex  amp.  V.  Two  fimilar  folids  a  and  b  being  given , 
to  find  their  ratio . 

l ft.  Take  any  fide  of  the  folid  a,  and  apply  it 

tranfverfely 
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tranfverfely  on  the  line  of  folids  from  io  to  io,  or  from 
any  other  number  to  its  oppofite. 

2 d.  Apply  the  like  fide  of  the  folid  b  tranfverfely 
to  the  lines  of  folids,  and  obferve  the  number  it  falls 
on  :  Then  will  the  numbers  on  which  thofe  tranfverfe 
extents  fall,  fhew  the  ratio  of  the  folids  a  and  b. 

Ex  amp.  VI.  A  folid  a  being  given  to  find  the  dimen - 
fions  of  a  fimilar  folid  b,  that  to  a  Jhall  have  any  affigned 
ratio . 

ift.  On  the  line  of  folids  feek  two  numbers  ex- 
prefting  the  terms  of  the  given  ratio. 

2 d.  Take  the  extent  of  one  fide  of  the  given  folid 
a,  and  apply  it  tranfverfely  on  the  lines  of  folids  to  the 
antecedent  of  that  given  ratio  ;  then  the  tranfverfe  ex¬ 
tent  of  the  confequent  taken  on  the  lines  of  folids  will 
be  a  like  fide  of  the  folid  b. 

Thus.  'To  find  the  fide  oj  a  cube  b,  double  to  a  given 
cube  a.  / 

He  re  the  ratio  is  as  i  to  2. 

Apply  the  fide  of  the  cube  a  to  the  lines  of  folids 
tranfverfely  from  i  to  i  ;  that  is  from  io  to  io  ;  then 
will  the  tranfverfe  diftance  of  the  numbers  2  and  2  or 
20  and  20  fhew  the  fide  of  the  cube  b. 

Again.  To  find  the  diameter  of  a  fphere  b,  that  to 
the  fphere  a  ,  whofe  diameter  is  given ,  Jhall  be  in  the  ra¬ 
tio  of  3  to  2. 

Make  the  diameter  of  the  fphere  a  a  tranfverfe  di¬ 
ftance  to  2  and  2  on  the  lines  of  folids  *,  then  will  the 
tranfverfe  diftance  of  3  and  3  on  the  line  of  folids  be 
the  diameter  of  the  fphere  e. 

Ex  amp.  VII.  Any  number  of  unequal  fimilar  Jolids 
being  given ;  to  find  the  fide  of  a  fimilar  folid  equal  in  mag¬ 
nitude  to  the  fum  of  the  magnitudes  of  the  given  folids . 

Take,  in  equal  parts,  a  number  expreffing  the  fide 

of 
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of  one  of  the  given  folids,  and  apply  this  extent  to  the 
line  of  folids  tranfverfely,  to  any  number  (fuppofe  io 
at  the  3d  i). 

Also  take  in  the  fame  equal  parts,  the  numbers 
fhewing  the  fimilar  fides  of  the  other  folids,  and  apply 
thefe  extents  to  the  lines  of  folids  tranfverfely,  noting 
the  numbers  they  fall  on. 

Then  will  the  tranfverfe  extent  on  the  line  of -folids 
of  a  number  equal  to  the  fum  of  the  noted  numbers, 
be  the  like  fide  of  the  fimilar  folid  required,  which 
applied  to  the  fame  fcale  of  equal  parts  the  others  were 
taken  from  will  give  the  meafure  of  that  fide. 

Thus.  What  ‘will  be  the  diameter  of  that  iron  foot 
caft  from  3  other  foot  whofe  diameters  were  4  inches ,  4,  4 
inches ,  and  5  inches  ,  fuppofng  no  wafle  in  melting  ? 

Make  4  inches  a  tranfverfe  extent  on  the  line  of 
folids,  to  any  number  fuppofe  10.  Then  4,4  inches 
applied  tranfverfely  to  the  folids  will  give  about  13^-  ; 
and  5  inches  alfo  applied  tranfverfely  to  the  folids  will 
give  about  :  Now  the  fum  of  the  noted  numbers 
10  and  133  and  ig~  will  be  43 ;  then  the  tranfverfe 
extent  of  43  on  the  line  of  folids  will  give  inches 
for  the  diameter  of  the  new  fhot. 

Examp.  VIII.  To  find  the  dimerfions  of  a  folid  which 
Jhall  be  equal  to  the  difference  of  two  given  fimilar  folds, 
and  alfo  fimilar  to  them . 

Apply  a  dimenfion  of  one  folid  tranfverfely  to  the 
line  of  folids  at  any  number ;  and  alfo  note  what  num¬ 
ber  on  the  line  of  folids,  the  like  dimenfion  of  the 
other  folid  falls  tranfverfely  on  *,  take  the  difference 
of  thofe  noted  numbers ;  and  on  the  line  of  folids  take 
tranfverfely  the  extent  of  the  remainder,  and  that  will 
be  a  like  dimenfion  of  the  fimilar  folid  required. 


Thus. 
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;  %  ,  ^  s  y:*  '  ^  ? 

Thus.  With  the  powder  out  of  a  Jhell  of  io  inches 
concave  diameter  is  filled  a  Jhell  of  7  inches  :  What  fized 
Jhell  will  the  remaining  powder  fill  ? 

The  extent  of  10  inches  being  applied  tranfverfely 
to  the  lines  of  folids,  at  any  number  fuppofe  100  ;  the 
extent  of  7  inches  will  fall  tranfverfeiy  on  the  lines  of 
folids,  about  the  number  34J  •'  The  difference  be¬ 
tween  100  and  34.1  is  65^:  Then  the  tranfverfe  extent 
at  65^  on  the  line  of  folids,  will  give  8,7  inches  for 
the  concavity  of  that  (hell  which  the  remaining  powder 
will  fill. 
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